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Semi-automatic VERIFLEX uses the famous West- 

inghouse 500 MA transformer with Hypersil core. It 
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and all fluoroscopic tubes up to and including Dyna- _your nearest Westinghouse X-ray sales representative. 
max 46. Compact, too — only 54” x 27%” x 15”. No obligation whatsoever. 


Westinghouse Electric Corporation 
X-ray Division, Dept. A-03 

2519 Wilkens Avenue 

Baltimore 3, Md. 
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EDUCATION IN RADIATION PROTECTION 
JANEWAY LECTURE, 1954* 
By LAURISTON S. TAYLOR 


Atomic and Radiation Physics Division, National Bureau of Standards 


WASHINGTON, D. C, 


oe SEEKING an appropriate subject for 
presentation in memory of Dr. Henry 
Harrington Janeway the choice was to a 
considerable extent based upon finding a 
topic of current interest and at the same 
time one with which the author has had 
extended experience. The problem of radi- 
ation protection fits into both require- 
ments. With the present-day impact of 
radiation upon the lives of all of us, it is 
becoming increasingly important that some 
knowledge of protection against its effects 
be broadly disseminated to the radiologist, 
non-radiologist physician, and layman 
alike. Of necessity this requires that some 
degree of educational effort be directed to 
all of these groups. 

The problem of protecting persons from 
the harmful effects of radiation (roentgen 
rays, gamma rays, beta rays, alpha rays, 
neutrons, etc.) has been existent since their 
first discovery. In the early days of gas 
tubes, protective measures were almost 
non-existent, but the problem was limited 


in scope and magnitude mainly because 
the equipment was not in such widespread 
use. During the period of World War I the 
use of roentgen-ray equipment expanded 
rapidly through the introduction of the 
Coolidge tube, and an alarming increase in 
radiation burns was noted. This resulted in 
prompt and relatively effective measures 
being developed to cope with the problem. 

Until about 1925 the principal uses of 
radiation were in the medical field. From 
then on the industrial use began to increase 
rapidly and at the same time higher and 
higher energies were developed for use in 
medicine, industry, and research. Until 
about 1943 harmful effects of radiation were 
limited to the patient, doctor, technician 
or industrial worker. It could scarcely be 
regarded as a public health problem, though 
it was beginning to become an industrial or 
occupational health problem. 

Following the advent of atomic energy, 
radiation from radioactive sources began to 
be developed in quantity, variety and dis- 


* The nineteenth Janeway Lecture, delivered at the Thirty-sixth Annual Meeting of the American Radium Society, Hot Springs 


Virginia, March 14-16, 1954. 
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tribution in magnitudes never before 
dreamed of. It quickly became clear that 
within a very few years radiation protec- 
tion had become a serious problem not only 
as an occupational health problem but as 
a widespread public health problem, and 
was recognized as such. An _ additional 
problem, recently developed, has been 
more of a psychological nature. In large 
measure due to the public press, the lay 
population has often developed an exag- 
gerated notion of the seriousness of the 
problem which has, at times, resulted in 
almost panicky efforts to eliminate or 
reduce it. 

It is dificult to make a clear distinction 
between education and training and in this 
discussion the terms will be used more or 
less synonymously. Dr. Ross Golden,! in an 
address before the American College of 
Radiology in 1944, discussed the differences 
between the two in relation to “Medical 
Education” and “Training in Radiology” 
and his words are well worth reading. There 
is further concern about how properly to 
delimit the broad question of radiation 
protection and its relationship to educa- 
tion. The breadth of the problem has been 
well expressed by Herbert Spencer, who 
said that “To prepare us for complete 
living is the function which education has 
to discharge.” 

A discussion of education in radiation 
protection should start perhaps with the 
tacit assumption that the necessity for radi- 
ation protection is clearly recognized by 
all—except that this would not be borne 
out by the facts. Unfortunately, too many 
experienced radiologists agreeing to the 
principles apparently neglect protective 
measures in their personal practice. Not a 
great many, but too many, will argue that 
observance of all the precautions available 
to them will impede their work and that 
their mission necessitates some calculated 
risks. It may be argued that there are 
enough normal risks, and only rarely is an 
avoidable risk anything but just plain fool- 
hardy. 


1 President’s Address. Bull. dm. Coll. Radiol., 1944, pp. 19-30. 
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Today we can operate under the assump- 
tion that a high degree of protection from 
radiation can be achieved—and achieved 
by the radiologists themselves, and they 
may rest assured that if they do not do it 
someone else, probably less experienced, 
will try to do it for them. 

There is increasing evidence of a growing 
tendency to try to solve our problems by 
legislative means rather than by educa- 
tion.?, Any overzealousness for radiation 
control legislation can be kept within 
bounds only if the radiologist’s own house 
is in good order. If only for that reason 
alone, it is becoming more important daily 
that our younger radiologists be educated 
in the general philosophies and _ principles 
of radiation protection. Only a few of these 
will be touched upon. 

The primary aim of radiation protection 
is to avoid radiation injury without im- 
peding the desirable and necessary uses of 
radiation. Total protection can rarely be 
achieved without some real or potential 
sacrifice in utility or flexibility, but with 
thought and experience a compromise can 
be realized. Surely the radiologist does not 
want to sit in a lead box and palpate the 
patient’s abdomen with a remote control 
robot or “slave” and look at the results on 
a television screen. No more does he want 
(it is hoped) to sit unprotected next to the 
fluoroscope and palpate for hours on end 
with his bare hands. Common sense must 
find a workable ground between. This com- 
mon sense can be assisted materially with 
some broad technical knowledge, much of 
which can be obtained from available text- 
books and the handbooks of the National 
Committee on Radiation Protection. It is 
not necessary for the student or the radiolo- 
gist to learn a vast number of technical 
details, data, and computational methods. 
It is necessary, however, for him to learn 
where the information can be found, and 
how to use it when he finds it. It is even 
more necessary for him to know when he 
needs it. 

2 Taylor, L. S. State control of protection against ionizing 


radiation. Am. J. RoentGenot., Rap. THerapy & NucLeAR 
MED., 1954, 77, 691-702. 
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This brings to mind a statement made 
by the head of an electrical engineering 
department in a university to the effect 
that he would be satisfied, if, upon gradu- 
ation, an engineer simply knew when and 
how to make intelligent use of the Stand- 
ard Electrical Engineers Handbook. The 
same principle applies to the young radiolo- 
gist except that unfortunately there is no 
one handbook that gives all the necessary 
information and data. However, an ade- 
quate protection library consists of rela- 
tively few books and pamphlets and should 
be available to all radiologists. 

It is not easy to outline a curriculum for 
a course of education in radiation protec- 
tion and no attempt will be made to do so. 
On the other hand, mention will be made 
of a few broad areas that should be in- 
cluded. The radiologist’s responsibility in 
radiation protection goes far beyond his 
own little area of occupation—he has, in 
fact, an obligation to society in general, and 
to those charged with our public health and 
safety in particular. At the local level he is 
responsible for the safety of his own opera- 
tions, the operations of his employees, and 
possibly others in the same hospital. In ad- 
dition he, in turn, must accept his duties as 
a teacher of younger men. But before he 
can do any of these successfully, he himself 
must be taught. 


EDUCATION OF THE PUBLIC 


Education in radiation protection is 
taking on a broader significance as the pub- 
lic beomes increasingly conscious of the 
existence of radiation and its potential 
dangers. Scarcely a day goes by without 
mention in the press or radio of atomic 
weapons, “‘atomic cocktails,” or some new 
radiating device made possible through the 
release of atomic energy. The production 
of all manner of radioactive materials has 
indeed introduced all manner of new prob- 
lems, the solutions to many of which are 
being rapidly found. But at the same time 
the general public, through half-knowledge, 
ls acquiring ideas about radiation some of 
which are healthy and others of which are 


based solely on fear, misunderstanding, and 
apprehension. 

Today the radiologist must not only 
learn the science of protection but he must 
also learn to put the problem of protection 
into proper perspective with relation to 
society. There is urgent need of some ther- 
apy to treat the public’s attack of radiation 
psychosis. The man of the street is no longer 
content to be talked down to and simply 
told that he needn’t worry about radiation. 
He knows he will need to worry about it in 
the event of an atomic attack and he is not 
sure but what he ought to do just a little 
worrying anyway on general principles. In 
the last analysis the radiologist is to have a 
key role in this national problem. Some of 
the more technical aspects will be handled 
by the radiological physicist, but after all, 
the big problem is essentially medical in 
nature. 

Up to the present time the radiologist 
has not fully demonstrated his role of 
leadership in this area; in fact, probably no 
more than a few even recognize it. This, 
then, is a point upon which some degree 
of educational effort must be spent. There 
are no textbooks or curricula available on 
the subject. Indeed, it is difficult to recom- 
mend a start except to suggest that the 
problem be brought to the attention of our 
younger men, and that they start to think 
of the problem and thereby gradually de- 
velop a consciousness of their public duty 
in this respect. 


CLINICAL ASPECTS OF RADIATION 
PROTECTION 

Naturally, the most common area in 
which radiation protection experience Is ac- 
quired is in the clinical or office practice of 
radiology. The clinic is the proving ground 
not only for the radiologist but for the 
practical application of most of the essen- 
tial features of radiation protection. Even 
the basic pattern for industrial radiation 
protection is largely the result of radio- 
medical experience and practice. (It 1s 
largely for this reason that the National 
Committee on Radiation Protection has 
laid primary emphasis on medical and 
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radiobiological practice, for once the pro- 
tection problems in these areas are in order, 
the shift in application to industry is 
mainly a matter of deatil.) 

Let us look briefly at some of the educa- 
tional and training requirements designed 
to take maximum advantage of our present 
knowledge of radiation. 

The young radiologist should be edu- 
cated in the background and significance of 
permissible dosage or exposures and should 
at all-times retain a sense of proportion and 
a sense of humor relative thereto. For ex- 
ample, the present permissible exposure for 
the whole body is 300 milliroentgens per 
week (measured in air). This figure was de- 
termined from a limited amount of clinical 
and biological data to which was applied a 
series of well educated guesses, and yet we 
may find a person’s weekly exposure re- 
corded as, say 163 milliroentgens—a figure 
that few, if any, practical clinical instru- 
ments can measure with an accuracy of 
better than +10 per cent. Again, if a film 
badge (accuracy +20 per cent) shows a 
reading of 260 milliroentgens for one week 
are we to be alarmed? And are we to be 
complacent with a duplicate reading of 200 
milliroentgens taken in the same place for 
the same week? Actually both readings are 
the same within experimental limits of 
error and we should be alarmed in both 
cases not primarily because the readings 
differ but because the exposure in each situ- 
ation may be unnecessarily high. It is only 
rarely that working conditions at a radia- 
tion level far below the permissible dosage 
cannot be obtained with but little incon- 
venience or added expense. 

The aim should be to see how low a prac- 
tical operating level can be achieved—not 
how high a level without transgressing the 
300 mr per week medicolegal upper limits 
set by radiation safety experts. Even the 
smallest amount of radiation has some ef- 
fect on the living human body. Even if the 
harm is normally undetectable by the indi- 
vidual, genetic damage can result from sin- 
gle minute exposures. We must prevent per- 
ceptible harm or damage—we should mini- 
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mize the likelihood of undetectable damage 
even though we cannot eliminate it entirely, 

Physical measurements of radiation pro- 
vide our only guide to exposure and so one 
must become accustomed to see and use the 
numerical values that go along with them. 
We must religiously adhere to the magic 
numbers for they are our only common 
language. The fact that the radiation level 
in a given work area is, say, 100 mr per 
week (one-third the permissible level) must 
be taken as gospel even though we know 
perfectly well that it probably does not tell 
us within a factor of 2 what dose the indi- 
vidual in the area will receive in his critical 
organs or tissue. If it is Ioo mr per week 
we should strive to reduce it to 50; if it is 
50 we should try to get it down to 25. In 
other words, we should act safe and play 
safe and be continually on the lookout for 
ways and means to further reduce any ex- 
posure no matter what the level. The only 
balance required in this procedure is to in- 
sure that at the same time the effective use 
of the radiation is not unduly impaired. 
This is one of the most basic points of 
philosophy that should be instilled into the 
trainee. At the same time it must be real- 
ized that the problem is not capable of a 
straightforward solution. 

Another essential point of education has 
to do with the radiologist’s responsibility 
to himself and others around him in matters 
of radiation exposure. The radiologist has a 
sacred duty to protect his patients, his 
staff and assistants, the outsiders who may 
be visiting physicians, or the occupants of 
the apartment next door, and last, but by 
no means least, himself. All of these may 
involve different protection or shielding sit- 
uations. Each new situation should be care- 
fully studied and in most cases exploratory 
radiation measurements made, either to de- 
termine that no hazard exists or to obtain 
quantitative data on the magnitude of the 
hazard if it does exist. Nothing should be 
taken for granted. Protection of a patient 
from stray radiation is often consciously neg- 
lected on the premise that he is getting so 
much anyway that a little more will not 
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matter. This sort of careless thinking is to 
be avoided. There is no justification for per- 
mitting any avoidable stray radiation to 
reach, say, the gonads during a chest roent- 
genogram. On the other hand, for a patient 
receiving massive deep radiation therapy in 
the pelvic region, there is no need to reduce 
the stray radiation to the chest below, say, 
1 per cent of the direct radiation. 

Protection of one’s staff and of profes- 
sional visitors is partly a matter of physical 
shielding but more especially a problem of 
correct education, training and work habits. 
This is the responsibility of the radiologist. 
Particularly for some of the more routine 
roentgenographic operations, the radiolo- 
gist must be constantly alert to the proce- 
dures and operating position of the tech- 
nicilans, and in addition he must develop 
their proper consciousness of radiation haz- 
ard. Their exposures should be checked by 
actual measurements—dosimeter or film 
badge or both. It can be very helpful to 
demonstrate the actual exposure under con- 
ditions that are known to be bad. 

Protection of the outsider when he is lit- 
erally outside is normally a matter of per- 
manent shielding and any given situation 
can be readily evaluated. But when the 
outsider is inside it may be more difficult. 
The guest physician who wants to peer 
slantwise at the fluorescent screen may 
stand in a position where he will receive a 
large dose of radiation scattered from the 
patient. More often than not he will con- 
sider that he is exposed only occasionally 
and hence will not want to bother with an 
apron. More serious is the tendency of, say, 
the orthopedic surgeon to neglect exposure 
in the interest of possibly more expeditious 
setting or surgical operations. It is the 
radiologist’s duty to evaluate the exposure 
and risk and to work with the surgeon to- 
ward the development of means and tech- 
niques for minimizing them. 

And then there is the radiologist himself. 
Pressure of work, enthusiasm for his task, 
desire to do the most for his patient, and 
sometimes a martyr’s attitude, all con- 
tribute their bit to his downfall. It is of 
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course well recognized that in fluoroscopy 
the radiologist may easily be bathed in 
scattered radiation from the patient. Much 
of this can be avoided if the doctor will per- 
mit it. Simple things like lead rubber 
aprons fastened to the screen in horizontal 
fluoroscopy can be a great boon, yet they 
are often resisted because of the feeling 
that they will sometimes get in the way, or 
make screen motion more difficult because 
of the added weight. Possibly this is true 
but with a little thought and training these 
difficulties can often be overcome. The 
wearing of protective gloves and aprons is 
often resisted for similar reasons, or loss of 
“touch.” Some radiologists wear only kid 
gloves in order to retain as much sense of 
touch as possible. But they are only kidding 
themselves; kid gloves are better than no 
gloves at all—but not very much better. 
The argument put forward for this is that 
secondary beta rays and very soft roentgen 
rays are the primary source of damage, 
whereas, in fact, the hands are pretty well 
bathed in penetrating radiation. 

And what has all this to do with the early 
education of the radiologist? In my opin- 
ion, it has a great deal to do with it. Only 
a few commonplace things have been men- 
tioned, yet they are samples of the ideas 
that must be drummed into the radiologist, 
at the outset of his career, in a manner so 
forceful and clear that he will remain for- 
ever conscious of them. 

A start would be made by developing a 
balanced understanding of the problem in 
his own little domain—by making him 
realize that virtually any degree of protec- 
tion is obtainable but that there is a practi- 
cal and commonsense limit. This, of course, 
does not mean the provision of marginal 
protection—on the contrary, as mentioned 
above, radiation exposure should be re- 
duced to the lowest practical level. The aim 
of educational effort early in a man’s train- 
ing should be to produce a constant vigi- 
lance without making it a fetish. 

A good sign to have in the radiation 
room might consist of two words, 

““RADIATION—THINK”’ 
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INSTRUCTION IN RADIATION PROTECTION 
PROCEDURES 

Methods of instruction in radiation pro- 
tection should be given careful thought. 
The radiologist in training cannot afford to 
spend a large fraction of his time studying 
protection, nor indeed would this evidence 
the sense of proportion we want to develop. 
“Book learning” is necessary of course. 
As pointed out elsewhere, the basic ele- 
ments of protection are available in numer- 
ous texts and handbooks, but few if any of 
these dwell at any length on the problem 
of improving the safety of routine opera- 
tions. Most of these sources give shielding 
data, tell how to make shielding computa- 
tions, and give a number of rules as to 
what to do or not to do—but fail to tell 
how to do many of these things. 

Take, for example, the preparation of 
radium or cobalt-60 applicators. Much of 
the technique here will be learned from 
watching older and more experienced men 
and then starting to practice with “‘live 
ammunition.” As nearly as can be deter- 
mined, initial practice in the form of 
dummy runs is relatively rare. Yet this re- 
quires almost no special equipment beyond 
some brass slugs to represent the active 
sources. If provision for this sort of practice 
rehearsal were made, time-and-motion 
studies could be carried out under super- 
vision, with the trainee repeating the opera- 
tion until it goes smoothly and quickly. 
Finally, when the active sources were used, 
it would be desirable to carry out at least 
a few runs while at the same time measur- 
ing the exposure to the hands, arms, body, 
etc., by means of film badges or dosimeters. 
Such practical experimental experience 
may be compared with dissection in medi- 
cal school. One could read every book 
written on anatomy but would never know 
the subject without having taken a body 
apart. 

Similar education and training in the 
handling of radioactive solutions is even 
more essential because accidents can hap- 
pen more easily and a situation can get out 
of control much more quickly than with 
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sealed sources. Handling may require many 
unusual operations; unpacking a lead pig 
with long tongs, removing a bottle stopper 
without touching it, pipetting by bulb 
rather than mouth, working with a barrier 
in front of the material, using mirrors that 
reverse the image, and making all move- 
ments such that a spill would be contained 
and so on. Here time-and-motion study 
and practice is essential. In cases where the 
operating personnel have had little experi- 
ence in such matters, it has often been 
demonstrated that remote handling and the 
interposition of barriers can actually be so 
awkward that the resultant slow-up of an 
operation nets a larger exposure than would 
be obtained by fast and accurate operations 
with much less shielding. 

Handling practice should start in school, 
continue in training and finally become a 
part of the established practice in clinical 
operations. Again, the facilities for dummy 
runs are almost negligible. The radiologist 
should not only master the handling prob- 
lems himself, but it is his duty and re- 
sponsibility to teach his technicians and 
assistants the habits of skill and safety. He 
has an equal responsibility for weeding out 
individuals who, after reasonable practice 
and experience, show a lack of appreciation 
of the problem or of the attitude necessary 
for carrying out all operations safely. 

Unfortunately, the training facilities in 
isotope handling are rather limited at pres- 
ent, although this is being remedied rapidly. 
Some of the larger radiological teaching and 
training centers are developing laboratory 
training such as mentioned above, but this 
is by no means as widespread as it should 
be. In addition, field workers from the 
Atomic Energy Commission Isotope Divt- 
sion are rendering an invaluable instruction 
service in the smaller centers all over the 
country. 

An additional means of disseminating 
such information on a qualitative basis 1s 
through the use of educational motion 
pictures or strip films and voice recordings. 
Apparently nothing of this kind has been 
prepared in the radiological field. The 
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American Dental Association in coopera- 
tion with the National Bureau of Standards 
has prepared a radiation protection film 
and the initial cost was not very great. 

One of the most widely used radiation 
sources is the fluoroscope—it is also po- 
tentially one of the most hazardous. Rules 
and recommendations for shielding are 
available, but not too much has _ been 
written on methods of practice. Handbook 
41 of the National Committee on Radiation 
Protection points up the necessity for the 
lead glass in a screen overlapping the 
fringes of the largest possible beam. It also 
urges using the smallest fields possible. 
Every radiologist knows these things, but 
from limited observation of current prac- 
tice it may be estimated that not over § per 
cent of them have checked the screen and 
not over 25 per cent bother to cut down the 
field—except to cut down glare. 

In many situations it is desirable to 
stand obliquely to one side of the field in 
horizontal fluoroscopy in order to avoid the 
maximum of scattered radiation from the 
patient. On the other hand, possible gains 
may be offset by inconvenience and awk- 
wardness that result in prolonging the ex- 
posure. Furthermore, additional exposure 
may result from leakage radiation through 
the Bucky slot. Now scattered radiation 
from the patient could be minimized 
through the use of an apron on the screen; 
similarly the leakage radiation through the 
slot can be minimized by mechanical 
means. Correction of each of these items 
may affect the other. The important thing 
is to think of all of them as making up a 
system and then apply a system’s analysis 
to find the optimum solution. 

Most of the above are problems of re- 
education rather than education, yet if they 
are even worth mentioning, it indicates 
that the initial education has probably been 
inadequate. 


RADIATION MONITORING 


Mention has been made of the use of 
radiation monitoring to determine not only 
the general safety of operating procedures, 
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but also whether the exposure of operating 
personnel is at the practical minimum. 

It would seem reasonable that any radi- 
ological set-up involving, say, six persons 
(technicians plus radiologists) could well 
afford to have a dozen pocket ionization 
chambers and a charge-reader. With these 
the radiologist could easily make occasional 
routine checks of his radiation conditions; 
and even if these were generally satisfac- 
tory, it is almost certain that normal inter- 
est and curiosity about protection would 
lead to improvement in operating tech- 
niques. In addition, it is believed that the 
radiologist would have less trouble keeping 
his technicians happy and satisfied if they 
realized their safety was constantly being 
looked after. 

Film badge dosimetry could also be ap- 
plied, but in general the radiologist must be 
warned against doing his own film badge 
work if he is interested in quantitative re- 
sults. For this he should take advantage of 
commercial film badge services. On the 
other hand, qualitative or exploratory 
measurements may be made with the time- 
honored combination of dental film and 
paper clip. With some experience the radi- 
ologist can develop a judgment that will 
enable him, from these observations, to de- 
cide when more or better radiation evalua- 
tion is indicated. He can then purchase 
some commercial film badge service as a 
quantitative check. 


RADIATION LEGISLATION 


Mention has been made of the growing 
tendency to obtain radiation protection by 
means of legislation. Whether or not this 1s 
desired by the radiologists the trend has 
already begun. For example, in one city a 
proposal is now under consideration that 
will make the chief radiologist in any hos- 
pital responsible for a// radiation uses and 
protection therein. Under this regulation 
the surgeon using radium or the orthopedist 
using roentgen rays will be responsible to 
the radiologist for all matters of protection. 
Obviously the radiologist cannot be present 
during all operations; therefore, he must 
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educate these men in radiation protection 
practices to his own satisfaction before he 
can accept responsibility for them. To do 
this, he has to be well educated himself in 
those matters, and in addition he must to 
some extent become a good teacher. 

Now this particular situation may or 
may not come about in the immediate 
future, but that is not important. What is 
important is the fact that some of our state 
authorities or others concerned with the 
general safety of individuals are beginning 
to consider such measures. In the immedi- 
ate future, radiologists must either demon- 
strate convincingly that the thrusting of 
this type of responsibility upon them is not 
wise or necessary (if indeed it is not) or else 
educate themselves to accept it. This again 
suggests the need for more formal education 
in radiation protection than is generally 
available at present. 

It is the opinion of most authorities on 
this subject that legislation alone cannot 
accomplish the desired result. Education is 
probably the most important area to be 
developed, for it can reasonably be said 
that we have at hand the essential technical 
facts and information necessary to attain 
an adequate degree of radiation protection 
for the whole population. The big problem 
is to bring this information to the attention 
of the populace in its proper perspective 
both with relation to the technological 
needs for radiation and the sociological 
obligations of the medical profession to 
mankind. While many people are coming to 
the opinion that under some circumstances 
legislative assistance may be of value, it is 
certain that we cannot legislate ourselves 
out of the problem. 

A regulatory program instituted in a 
country made up of forty-eight separate 
states presents a very different problem 
from one instituted in a country operating 
with a single centralized government. In 
the extreme, we could have forty-eight dif- 
ferent types of radiation regulation de- 
veloping, on a national scale, into a chaotic 
and uneconomical situation. Radiologists 
should endeavor, therefore, to understand 
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the essential features of the radiation regu- 
lation problem in the hope that the states 
may be aided in arriving at a common un- 
derstanding of the problem. Efforts should 
be directed to the end that regulation, if 
any, may at least be developed along rea- 
sonably uniform lines. 

One may say that the need for radiation 
control is obvious but this is an oversimpli- 
fication; radiation can be dangerous, ergo 
we must protect ourselves from it. But 
when does one draw a line between the de- 
sired and practical end, and particularly, 
who decides where to draw such a line? 
Probably more people are killed or injured 
daily in the home in normal pursuits in one 
day than by radiation in one decade. In the 
home we can deal tangibly with the proper 
technique for mounting a ladder or avoid- 
ing electric shock or repairing a broken 
stair tread. But radiation is silent, unseen, 
unfelt; its presence can only be made 
known through elaborate instrumentation, 
and the damaging effects on the human 
system may not develop until many years 
after exposure. It is these intangibles that 
distinguish radiation hazard from the other 
more common hazards. They have de- 
veloped in the lay mind a fear that in most 
cases is out of all proportion to its serious- 
ness. Nonetheless, reasonable steps should 
be taken to minimize radiation dangers 
wherever they may exist. One encounters a 
very fine philosophical problem of where to 
draw the safety line in protecting individu- 
als from radiation as compared with, say, 
automobiles. For one could make a reason- 
able guess that a dollar would save many 
more lives if spent to reduce highway as 
compared with radiation accidents. The 
big difficulty is that one cannot place a 
dollar value on a human life. For lack of a 
better base line, perhaps we should evaluate 
our radiation safety efforts to some extent 
on the cold economics of the over-all 
situation. 

The question of who draws the radiation 
safety line has been raised; the answer 1s 
straightforward. Matters of radiation 
safety involve highly technical considera- 
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tions that can be adequately dealt with by 
only a relatively small number of highly 
specialized and experienced scientists and 
medical authorities. Once the basic princi- 
ples have been established, the engineer 
can insure the practical accomplishment of 
protection. In any case the layman or 
legislator can do little if anything without 
the fundamental groundwork, and fortu- 
nately this is recognized by most people. 
Nevertheless, this situation introduces an 
important constraint, in any approach to 
the over-all problem, for the simple reason 
that there does not exist in the whole 
country enough radiation safety specialists 
to support, over the whole country, the de- 
gree of radiation regulation presently en- 
visioned by one or two states. 

In the development of radiation control 
legislation, careful thought must be given 
to the total problem. For example, it has 
been noted that some drafts of codes that 
have come to our attention have dealt only 
with radioactive isotopes, or roentgen rays, 
or roentgen rays and gamma rays. In- 
stances have been noted wherein a require- 
ment for one type of radiation, while rea- 
sonable in itself, would not be applicable to 
radiation from another source. Similarly, if 
too much detail is developed in a particular 
code, conflicts between medical, industrial 
or research applications can easily develop. 
Particular care must be exercised in any 
code that may apply equally to medical or 
research operations. The latter are gen- 
erally of such a variable and unpredictable 
nature as to be difficult to control by de- 
tailed statutes. In an early draft of one 
code, it appeared impossible for some of the 
established research laboratories to con- 
tinue operation if the code were rigorously 
enforced. Yet if radiation is to be regulated, 
research laboratories should not be com- 
pletely excluded. They will, however, neces- 
sitate very special treatment, different 
from medical or industrial installations. 
Provision for this special treatment should 
be made in any code, without at the same 
time going into great detail. 

Laws or legislation of any kind presuma- 
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bly offer certain advantages and solutions 
of specific problems. Only rarely, however, 
is there a law that does not also have some 
disadvantages or adversely affects certain 
classes of operations or individuals. The 
possible disadvantages of legislation should 
be given careful scrutiny and a careful 
balance drawn between the pros and cons. 
There may be sharp differences between 
states and this is one reason why national 
radiation legislation is generally considered 
inadvisable in this country, while perfectly 
acceptable in countries not similarly con- 
stituted. 

Before any program of radiation legisla- 
tion is begun, probably the most important 
single aspect to be considered is that of 
enforcement. Some proponents of legisla- 
tion feel that to have laws on the statute 
books is a step forward, whether or not 
they are uniformly and fully enforced. The 
principal argument given is that by such 
means a state has a law as a threat, ready 
to be used if desired. This does not seem to 
be equitable or democratic and invites 
misuse. For example, there is the slightly 
different situation of outmoded laws still on 
the statute books, the neglect of which is 
taken as common practice. But not infre- 
quently we hear of instances where such 
laws are invoked for harassment purposes 
or to accomplish some other end by indirect 
means. It is the opinion of most authorities, 
that unless it is intended and feasible to 
enforce a law rigorously, it is better not to 
have it in the first place. One must there- 
fore evaluate in advance the many factors 
that will enter into an enforcement pro- 
gram—stafhing and finances being two of 
the most critical items. 

The problem of radiation legislation has 
been considered at some length because it 
has to do with education in all its ramifica- 
tions. As a problem it will be with us more 
and more as time goes on, and its course 
will increasingly affect the most common- 
place activities of the radiologist. It be- 
hooves him to learn a great deal about its 
general philosophy, its social implications, 
its medicolegal implications and so on. 
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It is certain that we are at the present 
time equipped technically to deal with the 
broad problem of radiation protection, but 
it is felt that socially and philosophically we 
are inadequately prepared to cope with the 
problems that are just around the corner. 

Both the young men starting now in 
radiology and those who are already in the 
field must be educated in the basic princi- 
ples and practices of radiation protection. 
They must take responsibility for the 
safety of persons in their clinics, offices, and 
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laboratories and of themselves; they must 
in turn educate the new people entering the 
field of radiology and educate the general 
public; and of great importance in the im- 
mediate future, they must recognize these 
great responsibilities and the need for 
meeting them lest the initiative be taken by 
groups which lack an understanding of the 
problem. 

Atomic and Radiation Physics Division 


National Bureau of Standards 
Washington 25, D. C. 


THE ROENTGENOGRAPHIC DIAGNOSIS OF 


GEOPHAGIA (DIRT EATING) * 


By R. S. CLAYTON, M.D., 


T IS not generally known that geophagia, 

the eating of earth or clay (dirt eating), 
is widely practiced by adults of many races 
and in nearly every country on earth. Ap- 
parently it is not known at all that the 
eating of dirt may be suspected from find- 
ings on roentgenograms of the abdomen. 
We are unable to locate any report of the 
diagnosis of geophagia by means of roent- 
genogri iphy, nor have we found any physi- 
cian who is familiar with the findings in 
this condition. 

We believe the importance of recogniz- 
ing geophagia from roentgenograms war- 
rants the reporting of several cases. Geo- 
phagia may be suspected whenever there 
is an unexplained increase in radiopacity of 
the fecal content of the colon. 


HISTORICAL 


The literature on geophagia is surpris- 
ingly small. Termed “pica” by some 
authors, it has been reported in the bizarre 
appetites of pregnancy, debilitated states, 
hookworm disease, psychotic states and in 
children.'~7:°-” In a monograph published 
in 1930, Laufer'® summarized the entire 
literature on geophagia, pointing out that 
humans have eaten dirt for many centuries. 
He comments that geophagia is no more 
unnatural than eating pepper, snails, or 
chewing tobacco, etc. Earlier writers had 
reported the practice in limited geographic 
areas, citing clinical experiences with one or 
at most a few cases. 

Buschan? lists these reasons for the 
ing of dirt: 


eat- 


(1) Lack of food during tood shortages. 
(2) Enjoyment or “‘special treat.” 

(3) Craving during pregnancy. 

(4) Religious practices and superstitions. 


and PAUL 
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He describes the seasoning, toasting and 
baking of dirt in preparation for eating, 
and states that Negroes in Africa have been 
known to eat as much as 7 pounds of dirt 
per day. Gelfand* found no correlation be- 
tween geophagia and ancylostomiasis in 
Negroes in Africa. The eating of laundry 
starch by Negro females in Southern United 
States has been described.’:? Dickins and 
Ford* found a high incidence of dirt eating 
among Negro school children in a county in 
Mississippi. Ferguson and Keaton’ studied 
dirt and starch eating by pregnant women 
in Mississippi. 

Many authors have commented on the 
lack of thorough investigations into the 
psychologic, dietary, sociological and other 
aspects of geophagia. There is obviously a 
need for a complete study of the incidence 
and causes of this habit. 

A detailed review of theories concerning 
the various aspects of geophagia is not 
within the purpose of this paper. The reader 
is referred to the original communications 
in the bibliography. 


REPORT OF CASES 


Case 1. L.P., Negro female, aged thirty. 
Roentgenogram of the chest was made because 
of suspected pneumonia. Radiopaque shadows 
were noted in the splenic and hepatic flexures of 
the colon (Fig. 14). Roentgenogram of the ab- 
domen revealed the entire colon to be filled with 
this radiopaque material (Fig. 1B). The patient 
denied ingestion of any medicine, nor had she 
undergone any roentgenologic studies. After 
persistent questioning, she finally admitted the 
daily consumption of large amounts of clay. 
After cleansing the colon, the opacity was no 
longer visible. 

She was an apparently normal individual 
with no obvious mental aberrations, and was 


* From the Departments of Radiology, Parkland Memorial Hospital and Southwestern Medical School of the University of Texas, 
Texas. 
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Fic. 1. Case 1. (4) Roentgenogram of the chest showing opaque feces in the splenic and hepatic flexures of the 
colon. (B) Roentgenogram of the abdomen showing opaque feces filling the colon. Note uniform mixture 
of dirt and feces. 


Fic. 2. Case 1. (4) Anteroposterior roentgenogram of the abdomen showing opaque feces in the ascending 
and descending colon and in the rectum. Note coarse particles and uneven mixture of dirt and feces. (B) 
Lateral roentgenogram of the abdomen showing opaque feces in the transverse colon. 
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Fig. 3. Case iv. (4) Roentgenogram of the pelvis taken April 14, 1953, showing opaque feces in the rectum 
and faintly in the ascending and descending colon. (B) Roentgenogram of the abdomen taken April 29, 


1953, Showing opaque feces throughout the colon. 


employed as a maid in the home of a professor 
of psychiatry. When we reviewed our cases of 
geophagia we learned that this patient had left 
Dallas and we were unable to obtain samples of 
the dirt eaten by her. 


Case ut. E.H., Negro female, aged forty, 
pregnant. Roentgenograms of the abdomen 
made for possible multiple pregnancy revealed 
the contents of the colon to be much more 
opaque than usual (Fig. 24 and 2B). She 
readily admitted eating dirt, stating that she 
had an intense craving for it. She began the 
practice two months before, after becoming 
pregnant, but had not eaten dirt during pre- 
vious pregnancies. After delivery of the infant, 
she ceased to eat dirt. 


Case 11. R.W., Negro female, aged forty- 
five (sister of E.H., Case 11). This patient was 
contacted through her sister. She had eaten dirt 
continuously since her first pregnancy eighteen 
years before. Her story is typical and will be 
described in some detail. She and another dirt 
eater alternately travel to a field just outside 
Dallas, Texas, for their supply of dirt. The top 


soil is removed to a depth of about 1 foot where 
a tasty bluish clay is reached. This dirt is pre- 
pared for eating by “washing” it in water. The 
excess water is drained away, forming a paste. 
This is spread about } inch thick on a sheet of 
paper and is allowed to dry for several days in 
Texas sunlight, hardening to the consistency of 
fudge. It is then broken into 1 inch squares, 
wrapped in paper and stored out of reach of the 
children on top of a large chest. After meals, 
and especially after eating sweets, this patient 
craves dirt. She places a piece on her tongue and 
sucks on it until it has been swallowed. 

A roentgenogram of this patient’s abdomen 
failed to show any evidence of opaque medium. 
The failure to visualize was probably due to a 
low rate of ingestion and a low residue in the 
colon. We obtained a sample of this dirt. It was 
dark gray clay baked into a firm cake. 


Case tv. R.E.J., Negro female, aged twenty- 
one, pregnant. This diagnosis was made from 
pelvimetric roentgenograms (Fig. 34 and 38). 
This patient had one other child. She began to 
eat clay at the age of nine after observing her 
mother eat it. She craved more dirt while preg- 
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nant and was eating about two teacupfuls of 
dirt between meals when the roentgenograms 
were made. She preferred solid white dirt but 
all dirt tasted good to her. We obtained a 
sample of the dirt, a crumbly gray clay contain- 
ing flecks of reddish material. The patient sim- 
ply allowed the dirt to dry and ate it in the nat- 
ural state with no preparation. 

DISCUSSION 

Since learning the roentgenographic find- 
ings in geophagia, we have interviewed 
many patients who eat dirt or who have 
eaten it at some time during their lives. We 
believe that the practice is quite common 
among Negro females of North and East 
Texas. Pregnant white women occasionally 
are known to eat dirt but do not have the 
habit as frequently as Negro women. Men 
of both races seem to eat dirt only rarely. 

The increased radiopacity of the feces in 
the colon is found in some patients, while 
in others the feces are normally radiopaque. 
Absence of positive findings on the roent- 
genogram is probably due to a low rate of 
ingestion of dirt, to variation in radiopacity 
of the dirt consumed, or to a small fecal 
residue in the colon. For these reasons, we 
do not know how many dirt eaters pass 
through our service without being recog- 
nized. 

The diagnosis of geophagia is suggested 
by the finding of unusually radiopaque 
colonic contents in a patient who has not 
had any roentgenographic contrast studies 
and who is not taking any medicines con- 
taining radiopaque ingredients. In some 
cases, the dirt is in large coarse particles, 
mixed with the feces; in others, the dirt is 
very finely divided and evenly mixed with 
the feces. In some geophagists, the feces 
is gathered into scybala, and in others it is 
spread along the lumen of the colon in a 
column. Since every case having positive 


findings showed a rather large collection of 


feces in the colon, this is probably an im- 


portant requirement in recognizing geo- 


phagia from roentgenograms. 

We wish to emphasize the importance of 
a proper approach in interviewing patients 
suspected of geophagia. 
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the Negro to discuss this habit with a white 
man has been pointed out.* We have also 
observed this reluctance. The patient will 
often deny the practice unless he is assured 
by the interviewer that no harm or pub- 
licity will result from his admitting the 
eating of dirt. The patient will describe in- 
timate details of the search for particularly 
tasty earth and its careful and almost 
ritualistic preparation for consumption. 
Others have commented on the intensity of 
the craving for dirt and starch by these 

The recognition of geophagia may pro- 
vide a clue to the patient’s difficulties for 
which the roentgenographic study of the 
abdomen was made. If the amount of dirt 
consumed per day is excessive, essential 
food intake may be inadequate, resulting 
in deficiency states. Cachexia africana 1s a 
syndrome exhibited by Negroes in Africa 
who eat so much dirt they become severely 
emaciated and some eventually die. Dropsy 
has been reported in native women of 
India who eat 1 to 13 pounds of dirt per 
day for a year or more.* Ova of intestinal 
parasites can be ingested with raw dirt. 
Borderline psychotic states are sometimes 
associated with abnormal appetites. It has 
been suggested that a lack of certain es- 
sential dietary factors may cause a craving 
for dirt. We cannot find any evidence that 


the eating of reasonably small amounts of 


dirt is in any way injurious to humans. 
However, the clinician may be furnished 
valuable information by the radiologist 
who suggests geophagia from the roent- 
genographic study. 


SUMMARY 


Four cases of geophagia are reported. 

The roentgenographic findings in geo- 
phagia are presented. 

The importance of recognizing this 
condition from roentgenograms of the ab- 
domen is emphasized. 

4. A proper approach is necessary in in- 
ago patients suspected of geophagia. 
5. The practice is apparently widespread 
among the Negro population of North and 
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East Texas as well as in many parts of the 
world. 


Parkland Memorial Hospital 
Dallas, Texas 
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CEREBRAL COMPLICATIONS FOLLOWING 
CAR DIOANGIOGRAPHY*+ 


By SHELLEY N. CHOU, M.D., LYLE A. FRENCH, M.D., and WILLIAM T. PEYTON, M.D. 


MINNEAPOLIS, MINNESOTA 


HIS report concerns severe neuro- 

logical complications following cardio- 
angiography using retrograde brachial ar- 
tery injections with 70 per cent diodrast. 
Two cases are discussed. 


REPORT OF CASES 


Case 1. (U.H. 860555.) A woman, aged fifty- 
six, gave the history that she was in good health 
until three years prior to hospital admission, at 
which time she noted the onset of pain located 
in the left posterior chest region. These pains 
were aggravated by coughing and forced res- 
piration. The pain lasted for various periods 
of time, sometimes as long as several weeks. 
Gradually they subsided and she was free of 
pain until approximately two and one-half 
weeks prior to admission. Then the pains re- 
curred and were identical to those previously 
present. 

At the time of admission to the hospital on 
July 20, 1953, her blood pressure was 180/120 
mm. Hg. General physical and neurological 
examinations were essentially normal except for 
a grade 2 systolic murmur heard best over the 
left second and third interspaces along the ster- 
nal border. Laboratory studies revealed essen- 
tially normal hemogram and urinalysis. Her 
erythrocyte sedimentation rate was 65 mm. per 
hour. Blood Wassermann reaction was reported 
as 4 plus. Electrocardiogram was normal. Chest 
roentgenogram was suggestive of an aneurysmal 
dilatation involving the arch of the aorta. Fur- 
ther investigation included a retrograde aorto- 
gram done on August 5, 1953. The left brachial 
artery was visualized and cannulated. It was 
injected with 45 cc. of 70 per cent diodrast. 
During the injection, the patient became dif- 
fusely hyperemic, developed spastic contrac- 
tions of the upper extremities and then be- 
came aphasic. The blood pressure at that time 
was 170/115 mm. Hg. Weakness of the left side 
of her face was noted. She became comatose and 
had episodes of generalized convulsions. She 
died eight hours after the procedure. 


Autopsy examination of the central nervous 
system revealed no abnormality on gross in- 
spection. Microscopic sections of the cortex, 
basal nuclei, and medulla showed only mild 
arteriosclerotic changes with a number of mac- 
rophages and mononuclear leukocytes in a few 
of the perivascular areas. There was no evidence 
of luetic involvement. 


Case i. (U.H. 860942.) A woman, aged 
sixty-five, was admitted to the Dermatology 
Service on August 17, 1953, because of “‘leg 
trouble” of one year’s duration. While in the 
hospital a routine chest roentgenogram was ob- 
tained and this revealed a mass in the left 
superior anterior mediastinum. She was trans- 
ferred to the medical service for further investi- 
gation. Additional history revealed that on 
several occasions she had experienced mild left 
chest pain which was relieved by moving her 
shoulders around, or by deep breathing. It was 
also known that she had a mild hypertension 
for approximately one year’s duration. 

On examination, her blood pressure was 
150/80 mm. Hg. Retinoscopy revealed minimal 
arteriolar narrowing. Her heart was slightly 
enlarged to the left. There was a grade 2 sys- 
tolic murmur heard over the entire precordium. 
The liver margin was palpable 3 cm. below the 
right costal margin. 

Laboratory examination revealed the hemo- 
gram, urinalysis, and erythrocyte sedimentation 
rate to be normal. Blood serology was negative. 
Electrocardiogram showed left axis deviation 
and nonspecific T-wave changes. 

The diagnoses of stasis dermatitis of the legs 
and of a left superior anterior mediastinal 
mass, possibly an aneurysm in the great vessel 
region, were made. 

On September 11, 1953, a retrograde aorto- 
gram was performed under nitrous oxide and 
oxygen anesthesia. The left brachial artery was 
isolated and cannulated. Thirty-one cubic 
centimeters of 70 per cent diodrast was in- 
jected. The patient seemed to tolerate the pro- 
cedure well, but while being transported back 


* From the Division of Neurosurgery, Department of Surgery, University of Minnesota Medical School, Minneapolis, Minnesota. 
{ Supported by a Research Grant PHS G-3999 from the National Institutes of Health, United States Public Health Service. 
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to her bed, Cheyne-Stokes type respiration was 
observed. She began to respond very poorly. 
Her blood pressure was then 104/60 mm. Hg. 
Examination revealed no localizing neurological 
signs. She remained in the same general condi- 
tion for the next twenty-four hours. Vasopressor 
drugs were used intermittently to combat hypo- 
tension. On the next day, bilateral Babinski 
signs were noted. During the succeeding few 
hours, she developed flaccid paresis of both 
arms, the right being more involved than the 
left. She gradually improved over a period of 
several weeks. On October 11, 1953, a month 
after the aortogram, she had recovered suffi- 
ciently to be able to sit up in a chair. Motor 
strength in her arms was fair. Her mental con- 
dition was sufficiently improved so that she 
could carry on an intelligent conversation. 


DISCUSSION 


Several factors are involved in the pro. 
duction of these complications. It is dif- 
ficult to be certain which ones are most in- 
volved in a specific case but certainly any 
of them may play a part. First, it is known 
that contrast media such as diodrast, uro- 
kon, and neo-iopax may disrupt the blood- 
brain barrier.?> The degree and duration of 
this disruption is a function of the amount 
and concentration of the media as well as 
the pressure under which the injection is 
made. Damage to brain tissue by the con- 


Fic. 1. Cerebral angiogram. Right brachial artery 
retrograce technique with 35 per cent diodrast. 
Note filling of internal carotid, vertebral and their 
cerebral branches. Posterior communicating artery 
is shown, but not well visualized. 


Cerebral Complications Following Cardioangiography 


Fic. 2. Retrograde aortogram; note filling 
of vertebral artery. 


trast media may range from transient 
physiological disturbance without demon- 
strable microscopic abnormality to severe 
necrosis with petechial hemorrhages and 
edema.! 

Second, it has been established that con- 
trast media such as diodrast are transient 
vasodilators. In concentrated form it is 
also a myocardial depressant.’ Both these 
factors tend to produce hypotension which 
in turn may precipitate intravascular 
thrombosis. 

Third, by the technique used in retro- 
grade aortography there always is a strong 
possibility that an unpredictable propor- 
tion of the contrast medium will ascend the 
carotid and vertebral vessels into the cere- 
bral vascular system. This is less likely with 
injections via the left subclavian artery 
than the right because of the anatomical 
variation of origin of the carotid arteries. 
On the left the contrast medium, injected 
under pressure greater than the systolic 
blood pressure, is diluted by the main 
channel blood of the aorta. Proportionally 
less medium is apt to go up the carotid 
vessel. On the right, from a practical stand- 
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point, both the carotid and_ vertebral 
vessels arise from the subclavian. A retro- 
grade injection on this side will often fill 
both vertebral and carotid arteries. To 
illustrate, in this clinic open retrograde 
brachial artery injections of 35 per cent dio- 
drast have been used to fill both carotid 
and vertebral arteries for diagnostic pur- 
poses! (Fig. 1). With this same technique, 
used on the left, it is very infrequent that 
adequate filling of the cerebral system 1s 
obtained. Still the above two cited com- 
plications ensued from injection on the left 
side. Apparently sufficient contrast medi- 
um to produce these complications did 
ascend the carotid and/or the vertebral 
vessels (Fig. 2). The fact that 70 per cent 
diodrast was used made necessary less 
quantity of the solution to produce dam- 
age. 

In these 2 reported cases, it is reasonably 
certain that the contrast media caused at 
least temporary damage to the central 
nervous system, thereby producing pro- 
found neurological symptoms in one and 
death in the other. The loss of conscious- 
ness observed may well be due to tempo- 
rary physiological disruption of the vital 
centers in the brain stem. Furthermore, the 
general vasodilating and cardiac depres- 
sant effect of the contrast media probably 
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contributed to the unfortunate outcome. 
There seems to be no question that under 
certain circumstances 70 per cent diodrast 
used in cardioangiography can produce 
serious cerebral damage. 


SUMMARY 


Report is made of two cases of severe 
neurologic disability following angiocardiog- 
raphy with 70 per cent diodrast. A discus- 
sion of possible causative factors is given. 
The need for further investigation of such 
complications is stressed. 


Shelley N. Chou, M.D. 
University Hospital 
Minneapolis 14, Minnesota 


REFERENCES 

1. Cuou,S. N.,and Frencu, L. A. Unpublished data. 

2. Frencu, L. A., and Bake, P. S. Complications 
following use of neo-iopax in cerebral angiog- 
raphy. Am. J. RoenrGenot. & Rap. THERAPY 
1950, 64, 816-818. 

3. Gorpon, A. J., Braums, S. A., Mecisow, S., 
and Sussman, M. L. Experimental study of 
cardiovascular effects of diodrast. Am. J. 
RoeEnTGENOL, & Rap. THERAPY, 1950, 64, 
819-830. 

. Goutp, P. L. Personal communication. 

5. Smiru, G. A., Caupitt, C. M., Moore, G. E., 
Peyton, W. T., and Frencu, L. A. Experi- 
mental evaluation of cerebral angiography. 
F. Neurosurg., 1951, 8, §56-563. 


SQ YAR 


THE ROENTGEN APPEARANCE OF LOCALIZED 


HYPERPLASIA OF THE LYMPHOID FOLLICLES 
OF THE DUODENUM* 


By J. R. NAHON, M.D. 


EAST ORANGE, NEW JERSEY = 


Hien RELATION of the roentgen ap- 
pearance with the gross and histologi- 
cal findings is one of the requisites of suc- 
cessful diagnosis. The following case should 
aid such correlation by illustrating one of 
the several conditions which may give the 
configuration of numerous small, rounded 
radiolucencies in the barium-filled duodenal 


bulb. 

Horncastlet gives the following classifica- 
tions of the possible causes for such filling 
defects: 


1. Intrabulbar Causes 

(a) Gas or food in the cap. 

(b) Swallowed foreign bodies, undissolved 
medicinal tablets. 

(c) Gallstones; there are two routes by 
which gallstones can enter the duo- 
denal cap: 

i. Ascent from the descending limb 
of the duodenum. 

ii. Ulceration directly into the cap 
from the biliary tract. 

(d) Prepyloric, pedunculated polypus, 
part of which has passed through the 
pylorus. 

(e) Ascaris lumbricoides. 

2. Intrinsic Causes 

(a) Duodenal ulcer, seen en face. 

(b) Scarring due to healed ulcer. 

(c) Axial view of the open pylorus. 

(d) Simple. hypertrophy of the mucosa 
due to long-standing duodenitis. 

(e) True polyposis. 

(f) Benign tumours 
bromyoma. 

(g) Polypoid haemangioma 
quoted in Lehrbuch). 

3. Extrabulbar Causes 

(a) Adhesions involving the duodenal cap. 

i. Post-operative. 


fibroma, lipoma, fi- 


(Carman, 


AG 


ii. With periduodenitis, perigastritis, 
pericholecystitis, etc. 
(b) Pressure on the anterior or posterior 
walls of the cap, causing indentation. 
i. Enlargements of the gall-bladder, 
cystic duct and common bile duct. 
11. Gallstones within the biliary tract 
tract (Kohler). 
ii. Malignant tumours—stomach 
(prepyloric duodenum, pancreas 
liver). 


To this should be added, under the head- 
ing ‘‘Intrinsic Causes,” the unique case of 
hypertrophied Brunner’s glands reported 
by Erb and Johnson.’ Aberrant pancreatic 
tissue will also give similar radiolucent bul- 
bar defects.° 

The case herein reported adds yet an- 
other intrinsic cause to the list. 


CASE REPORT 


A.M., aged sixty-three, gave a long gastro- 
intestinal history of anorexia, belching, nausea 
and intolerance to starchy foods. Recently an- 
ginoid symptoms had appeared. 

Physical examination failed to contribute 
any significant abdominal findings to explain 
the gastrointestinal component in the history. 
Roentgen examination by gastrointestinal se- 
ries showed the small, rounded radiolucent de- 
fects seen in the spot roentgenogram (Fig. 1) 
and in the polygraph view (Fig. 2). These radio- 
lucent defects were constant in all four spot 
roentgenograms and polygraph views. 

Autopsy revealed “lymphoid hyperplasia of 
the duodenum with polypoid formation.” In 
addition there were: arteriosclerosis of the 
coronary arteries and of the aorta; infarcts of 
the myocardium; hypertrophy of the heart; 
infarcts of the kidneys; passive congestion of 
the liver, spleen and lungs; emphysema of the 


* Reviewed in the Veterans Administration and published with the approval of the Chief Medical Director. The statements and 
conclusions published by the author are the result of his own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration. 
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Fic. 1. Spot roentgenogram of duodenal 
bulb showing radiolucent defects. 


lungs; and encephalomalacia of the left pons. 

The pseudolypoid appearance of the mucosa 
of the bulb in the gross specimen is well seen 
in Figure 3 and the photomicrographs (Fig. 4 
and 5) show the histopathological appearance; 
the identity of the small pseudopolypoid pro- 
tuberances are here conclusively proved to be 
prominent lymphoid follicles. 


DISCUSSION 


On the basis of the roentgen appearance 


Fic. 2. Polygraph of duodenal bulb showing 
marginal radiolucent defects. 


J. R. Nahon 


FEBRUARY, 1955 


air bubbles in the chyme passing through 
the bulb would have been the most likely 
interpretation for the radiolucent defects 
shown in Figure 3. Second to this, food 
particles, droplets of mucus, a pseudopoly- 
poid configuration of the mucosal folds or 
else a true polyposis would have to be con- 
sidered. Against air bubbles was the fact 
that the appearance was constant in all 
four spot roentgenograms and in the poly- 
graphs. Furthermore, the defects as seen 
here are not as perfectly spherical as air 
bubbles are apt to be. 

The physiological and pathological sig- 
nificance of these lymphoid follicles is un- 
certain. They may possibly be the result of 
some irritation or inflammation. They were 
not present in stomach or jejunal mucosa. 
Review of the literature as far back as 1928 
does not reveal any identical case. Haber! 
shows a photomicrograph of a section of 
stomach wall demonstrating a somewhat 
lymphoid hyperplasia, entitled ‘Chronic 
Follicular Gastritis.”” Buckstein? presents a 
roentgenogram with a very similar con- 
figuration of the duodenal bulb; he inter- 
prets this appearance as indicating “un- 
usually prominent mucosal folds of the 
duodenal bulb with polypoid appearance.” 


SUMMARY 


A case is presented of localized lymphoid 
hyperplasia of the mucosa of the duodenal 


Fic. 3. Gross specimen of duodenal bulb with small, 
rounded prominences due to prominent lymphoid 
follicles. 
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Fic. 5. Enlarged photomicrograph of several hyperplastic lymphoid follicles. 
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bulb with small, rounded prominences, raphy. J. B. Lippincott Co., Philadelphia, 
giving a characteristic roentgen appear- _ 1948, p. 326, Fig. 223. 
. . Ers, W. H., and Jounson, T. A. Hyperplasia of 
ance. JOHN 
Brunner’s glands simulating duodenal poly- 
posis. Gastroenterology, 1948, 77, 740-745. 
4. Horneastie, C. W. Filling-defects within the 
barium-filled duodenal cap. Brit. ‘¥. Radiol., 
REFERENCES 1942, 75, 339-340. 
1. Bockus, H. L. Gastroenterology. W. B. Saunders 5. Lirrner, M. Aberrant pancreatic tissue in first 
Co., Philadelphia, 1947, Vol. I, p. 277, Fig. 55. portion of duodenum. Radiology, 1950, 55, 
2. Bucksrein, J. The Digestive Tract in Roentgenog- 716-719. 
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ROENTGEN VISUALIZATION OF ROKITANSKY- 
ASCHOFF SINUSES* 


A CASE REPORT 
By B. W. ROBINSON, M.D.,t and J. J. PETERS, M.D. 


From the Veterans Administration Hospital 


TUSKEGEE, ALABAMA 


REVIEW of the literature reveals only 

2 previously reported cases of Roki- 
tansky-Aschoff sinuses visualized during 
cholecystography. Although these sinuses 
are not too infrequently seen in pathological 
specimens, their apparently comparatively 
rare roentgen visualization would seem to 
justify this report. 


CASE REPORT 


A.L., a Negro male, aged forty-one, entered 
the hospital complaining of headaches, nervous- 
ness and abdominal distress. The patient had a 
history of hypertension dating back to 1943. In 
addition, he also gave a history of progressive 
cardiorespiratory difficulty for the past two to 
three years. 

The abdominal distress mentioned above con- 
sisted of postcibal nausea without vomiting. 
It was aggravated by fats and had been present 
for only one month prior to admission. 

Physical examination revealed a well devel- 
oped and well nourished male in no acute dis- 
tress. Temperature, 98.6° F.; pulse, 84; blood 
pressure 170/100. 

The examination, with the exception of the 
blood pressure and grade 1 arteriosclerotic 
changes in the fundi, was essentially negative. 

Laboratory Findings. The hemogram and 
urinalysis were normal while the serological 
test for syphilis was negative. The Fishberg 
concentration test revealed the highest specific 
gravity of 1.015. The blood urea nitrogen was 
12.9 mg. per cent and the blood glucose level 
was 117.5 mg. per cent. Gastric analysis re- 
vealed the presence of free hydrochloric acid 
with the highest total acidity being 80 degrees, 
55 of which were in the free state. An electro- 
cardiogram exhibited T wave changes which 
were interpreted as being consistent with myo- 
cardial damage. 


Roentgen Findings. An initial combination 
upper gastrointestinal series and cholecysto- 
gram failed to reveal any organic lesion of the 
upper gastrointestinal tract. Five questionable 
irregular densities seen within the region of the 
gallbladder shadow were interpreted as repre- 
senting possible stone formation. 

A repeat cholecystogram showed no evidence 
of stone formation or other abnormality on a 
survey roentgenogram. Following the oral in- 
gestion of priodax, the gallbladder was visual- 
ized without evidence of lithiasis. A concentric 
rim of contrast material was seen around the 
gallbladder shadow distal to a constriction near 
its neck. The rim of contrast medium, which 
was better seen following a fatty meal, was in- 
terpreted as being visualization of Rokitansky- 
Aschoff sinuses. It was assumed that the con- 
striction was a congenital phenomenon, but the 
possibility of its being a stricture was enter- 
tained. Because of the visualization of the si- 
nuses, a presumptive diagnosis of gallbladder 
pathology (cholecystitis) was made. 

Surgery. Following a surgical consultation 
and the completion of adequate blood studies 
(bleeding time, coagulation time, prothrombin 
time, blood urea nitrogen and icteric index) 
plus liver function tests (bromsulphalein and 
cephalin flocculation), all of which were within 
normal limits, the patient was operated upon. 

The gallbladder was tense and red with a 
markedly thickened wall distal to a constric- 
tion present between the proximal one-quarter 
and distal three-quarters. The proximal fourth 
was normal to appearance and palpation. No 
adhesions were present. The cystic and common 
ducts were not dilated and they contained no 
palpable stones. When the gallbladder was sec- 
tioned, large Rokitansky-Aschoff sinuses con- 
taining pigment were visualized. The constriction 
was well visualized, but it could not be deter- 
mined whether it was congenital or acquired. 


* Reviewed in the Veterans Administration and published with the approval of the Chief Medical Director. The statements and 
conclusions published by the authors are their own and do not reflect the opinion or policy of the Veterans Administration. 


+ Now at U. S. Naval Hospital, Great Lakes, Illinois. 


t Chief, Department of Radiology, Veterans Administration Hcspital, Tuskegee, Alabama. 
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Fic. 1. Roentgenogram made following a fatty meal 
clearly shows the concentric layer of contrast me- 
dium around the gallbladder shadow. Note also 
the constriction in the gallbladder and the phryg- 
lan cap. 


A cholangiogram failed to exhibit any stones yg. 2, Gross surgical specimen showing the pigment- 


in the ducts. ; filled sinuses penetrating the wall of the gallblad- 
Microscopic Pathology. The histopathological der (arrows). Clamps indicate the area of constric 
description was as follows: “There are several tion. 


Fic. 3. Photomicrograph of a cross-section through the gallbladder wall exhibiting fibrosis and leukocytic 
infiltration—changes indicative of chronic cholecystitis. 
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Fic. 4. Photomicrograph of a cross-section through the gallbladder wall exhibiting a 
pigment-containing sinus which communicates with the lumen of the viscus. 


sections of gallbladder, the walls of which are 
greatly thickened by connective tissue in which 
both fibroglia and collagen fibrils are present. 
In the stroma, several pockets lined with co- 
lumnar epithelial cells are seen. Many of these 
pockets communicate with each other. Some 
are filled with inspissated bile while others are 
empty. A heavy infiltration of mononuclear 
cells is present; both loosely scattered and as 
follicular groupings. At one edge, remnants of 
atrophic mucosal folds are seen. Diagnoses: 
Chronic cholecystitis; Rokitansky-Aschof¥ si- 
nuses.”” 

Result. The patient was discharged improved 
on the seventeenth postoperative day after an 
uneventful course. 


*COMMENT 


As has been pointed out in previous com- 
munications, Rokitansky-Aschoff sinuses 
are outpouchings or herniations of the 
gallbladder mucosa through the muscularis. 
Presumably, these herniations occur only 
in the walls of diseased organs, since it is 
assumed that the muscularis of a healthy 
wall is dense enough to prevent them. 
Pathologically, the contractile elements are 
weakened and the intermuscular septa are 
widened, following which chronic over- 


distention of the viscus probably produces 
the herniations.” 

Rokitansky-Aschoff sinuses are frequent- 
ly seen in pathological specimens. Gallblad- 
ders containing these sinuses usually exhibit 
thickened walls secondary to inflammatory 
cell infiltration, increased connective tissue 
and edema. In other words, they exhibit the 
signs of chronic cholecystitis. Whereas the 
sinuses are not too infrequently seen patho- 
logically, roentgen visualization does not 
appear common. One reason for this, of 
course, is the poor visualization of the gall- 
bladder which is common in chronic chole- 
cystitis. 

The roentgen appearance of these si- 
nuses, which appears typically to be char- 
acterized by a rim of contrast medium 
passing concentrically around the gall- 
bladder shadow, was first reported by 
March’ in 1948. Following that, Bean and 
Culver! reported the second case in 1960. 
It was felt that a comparison with the pre- 
vious findings might be of some value and, 
as a result, the following comparative 
points are enumerated: 

(1) Bean and Culver visualized the 
sinuses only after a fatty meal; March 
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visualized them prior to the ingestion of 
the fatty meal, but visualization was much 
improved following the meal; in this case 
also, the sinuses were visualized prior to 
the meal with improved visualization fol- 
lowing it. 

(2) In all 3 cases, the two previously re- 
ported and the present one, a definite con- 
striction was found in the upper portion of 
the gallbladder. The sinuses were visualized 
distal to the constriction (in the fundus 
only). The origin of the constriction has 
not been settled. In March’s case, it was 
felt that the constriction was congenital 
so, too, in this present case. In the case of 
Bean and Culver, however, it was felt 
rather that it was an acquired phenomenon. 

(3) Bean and Culver found stones in 
their case; in March’s case and the present 
one, no substantial evidence of lithiasis 
was found. 

(4) Finally, in all 3 cases, there was his- 
topathological evidence of chronic chole- 
cystitis. This fact, and the uniform appear- 
ance of the sinuses on roentgen examina- 
tion, are probably the most significant 
findings elicited from a comparison of these 
3 cases. 

SUMMARY 


A case of roentgen visualization of 
Rokitansky-Aschoff sinuses in a diseased 


and J. J. Peters FEBRUARY, 1955 
gallbladder is reported. The findings are 
correlated with previously reported data. 


B. W. Robinson, M.D. 
U. S. Naval Hospital 
Great Lakes, IIlinois 


The authors wish to express their appreciation to 
the Departments of Surgery, Pathology and Medical 
Photography for their gracious cooperation. 


ADDENDUM 


Since this article was written, one more case 
has been reported, by Sukman and Daron (Suk- 
man, R., and Daron, P. B. Roentgen visualiza- 
tion of Rokitansky-Aschoff sinuses as addition- 
al sign of chronic gallbladder disease; case re- 
port. Radiology, 1953, 60, 714-717). 
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ANENCEPHALY IN TWINS* 
DIAGNOSED ANTEPARTUM BY ROENTGEN EXAMINATION 
By RU-KAN LIN, M.D.,t and HENRY P. PLENK, M.S., M.D. 


SALT LAKE CITY, UTAH 


NENCEPHALY ts not an unusual con- 


dition. Three hundred and fifteen 
cases of anencephaly accumulated from 
reports of various authors were found 
among 434,677 births.®!° The reported in- 
cidence varies from 0.3 to 3.08 and aver- 
ages 0.72 per one thousand births. It occurs 
extremely infrequently in twins. Only 9 
such cases could be traced (see Table 1). In 


TABLE | 


INCIDENCE OF ANENCEPHALY AMONG TWINS 


No. One Both 
Authors of Sex Anen-  Anen- 
Cases cephalic cephalic 
Thompson** M X 
Naud and Gal- 
locher?® I 
Andersen! I x 
Book and Rayner® 3 X 
Potter™ I X 
Josephson and 
Waller! I X 
Dunn and Salter"! I X 
9 


7 of these only 1 of the twins was anence- 
phalic while in 2 instances anencephaly was 
present in both twins. One of these cases! 
was cited as the result of a personal com- 
munication and was not reported in detail. 
The diagnosis has rarely been made before 
birth. Roentgen examination is the only 
means of establishing an antepartum diag- 
nosis. The early recognition of this anomaly 
is of help to the obstetrician in the proper 
management of the patient. We are re- 
porting what is to the best of our knowl- 
edge the second case of anencephaly in 
both twins and the first case in which an 
antepartum diagnosis was made. 


Utah. 


THEORIES ON ETIOLOGY 

Hereditary Aspects. Murphy" studied sev- 
eral series of mothers who gave birth to in- 
fants with malformations and found addi- 
tional malformations in 12.4 per cent of 
these families. The same anomaly recurred 
in the offsprings of 3.4 per cent of the 
mothers.!’ He concluded that the frequent 
duplication of defects favors a hereditary 
basis of the defect.!* In families with one 
congenital anomaly, the chance of occur- 
rence of further defects is about twenty- 
four times greater than in previously nor- 
mal families.'® Anencephaly has been known 
to occur up to six times in a single family." 
Anomalies such as spina bifida, hydroceph- 
alus and Klippel-Feil’s syndrome have been 
associated with anencephaly in a number 
of cases.” 

The presence of anencephaly in both 
identical twins led Josephson and Waller“ 
to the conclusion that the condition is due 
to inherited trends rather than to an ante- 
natal accident. In spite of the gross cranial 
defect common to both twins resulting 
probably from the same basic cause, the 
extreme differences in bodily development 
led these authors to believe that environ- 
mental conditions, such as intrauterine 
relationship, may be important factors 
which influence the development of the 
fetus. 

Sex Incidence. An average ratio of 3 
females to 1 male suggests a hereditary 
factor, probably due to a derangement of 
the sex chromosome according to Pen- 
rose.” 

Environmental Aspects. Advanced ma- 
ternal age has been suggested by some!*” 
as a factor in the incidence of nervous 
system anomalies but has been denied by 
others.® 


* From the Department of Radiology, University of Utah College of Medicine and the Salt Lake General Hospital, Salt Lake City, 


ft Present address: Roswell Park Memorial Hospital, Buffalo, New York. 
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Maternal diseases such as previous in- 
fections, menstrual disturbances, disease 
of the endometrium, anemia, nutritional 
deficiencies and mechanical pressure are 
mentioned by various authors as possible 
environmental factors. Rubella during the 
period of pregnancy has been reported asa 
definite cause of some congenital anom- 
alies.27 Even shock, worry, and depriva- 
tion have beeen mentioned as_ possible 
causes.*:? 

Experimental Aspects. Anencephaly, 
spina bifida and other allied anomalies of 
the nervous system have been produced in 
animals by various physical and chemical 
means. Hertwig! and Morgan" used con- 
centrated salt solution on frog’s eggs to 
produce results similar to anencephaly 
and spina bifida in man. Baldwin’ obtained 
similar results with ultraviolet rays. Snell 
and Picken® found a strain of mice de- 
rived from a roentgen irradiated male in 
which a high incidence of failure of closure 
of the anterior end of the neural groove 
occurred. Stockard*® revealed that altera- 
tion of temperature or oxygen supply was 
a frequent cause of abnormal development. 
Murphy mentioned that malformations such 
as microcephaly may be produced by ir- 
radiation. 

Pathogenesis. Tribedi and Roy?’ stated 
that ‘“‘the arrest in development of the 
brain and the spinal cord is due to failure 
of closure of the neural tube posteriorly 
about the fourth week. Thus the neural 
plate, by exposure to the amniotic fluid 
at the cephalic extremity becomes atrophic. 
The presence of cicatricial tissue in this 
part indicates that circulatory failure prob- 
ably is the cause of anencephaly.” 

Anomalies of endocrine glands are an 
interesting feature. Ettinger and Miller! 
have summarized the findings of various 
authors. The absence of the pineal body 
and sometimes of the nervous element of 
the pituitary gland may be related to 
aplasia or hypoplasia of the adrenals and 
may also be associated with skeletal and 
visceral anomalies. 

Adrenal aplasia or hypoplasia, particu- 
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larly of the cortical portion, with excessive 
gyrification and diminished total substance 
to as much as one-tenth of its normal size 
is characteristic of anencephaly. Abundant 
lipoids are almost always present. 

Hyperplasia of the thymus and of the 
thyroid are found occasionally. Experi- 
mental work has demonstrated that ad- 
renalectomy in sexually immature rabbits 
may cause hypertrophy of the thymus 
gland.” 

The presence of choroid plexus within the 
mass of underdeveloped brain tissue was 
thought to contribute to the hydramnios.? 


DIAGNOSIS 


Case® reported the first antepartum di- 
agnosis of anencephaly by means of roent- 
gen examination. To date about 50 
cases!:?,>:7,21,24.30 are recorded in the avail- 
able literature where particular mention 1s 
made of the role of roentgenological diag- 
nosis. The number of cases is very small 
compared to the total number of reported 
cases of anencephaly. 

The clinical signs and symptoms asso- 
ciated with the condition are hydramnios, 
especially during the seventh or eighth 
month of pregnancy, uncertain or feeble 
fetal heart sounds and abdominal pain due 
to convulsive movement of the fetus. 
Where any suspicion of abnormal preg- 
nancy exists, a roentgenogram should be 
made to rule out the possibility of anen- 
cephaly. This is particularly true when the 
patient has a family history of malforma- 
tions. 

The ease with which this diagnosis can 
be made from the roentgenogram has to be 
stressed. Occasionally the absence of the 
calvarium may be mimicked by rapid 
movement of the fetus. Blumberg and 
Teplick® have emphasized that even when 
the skull shadow has been obliterated by 
movement, the prominence of two small 
round bony knobs, the sphenoids, is char- 
acteristic of anencephaly. One should also 
look for defects of the spine because of the 
common association of this condition with 
anencephaly. The increase in the size of the 
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uterus may be far out of proportion to fetal 
growth. This is the result of rapidly ac- 
cumulating fluid which commonly occurs 
in the last trimester. Defects of the base of 
the skull, pituitary fossa, and orbits may be 
observed at times as additional diagnostic 
evidence of anencephaly. 


CASE REPORT* 


Mrs. M.M., a Mexican housewife, aged 
thirty-three, gravida vi, was first seen in the 
Obstetrical Clinic on October 18, 1950, in her 
ninth month of gestation. Four children are 
living and well, one died in infancy of “‘stomach 
trouble.” 

Past history revealed that the patient had 
measles, mumps, and chickenpox during child- 
hood. Her present pregnancy had been unevent- 
ful. 

Physical examination disclosed a uterus 41 
cm. above the symphysis pubis. Fetal size and 
position could not be determined. Laboratory 
examinations were essentially normal. Prenatal 
roentgen examination on October 20, 1960, 
(Fig. 1) disclosed the presence of anencephalic 
twins; one (A) with the head presenting and 
the other (B) in breach presentation. 

Normal labor occurred about three weeks 
later than expected and four weeks following 
roentgen examination. Both female anence- 
phalic twins were stillborn. The patient had an 
uneventful postpartum course. 

Examination of the single placenta revealed 
two umbilical cords with normal twin insertion 
2 cm. apart and one small marginal area of 
fibrosis due to infarction. 

Twin A (see Fig. 2). The body is 45.7 cm. 
long and weighs 2,150 grams. The calvarium 
is absent and the brain tissue is replaced by a 
bluish-red cystic mass 9 by 5 by 2 cm. The neck 
is short. The subcutaneous fat is 1.5 cm. thick. 
Bilateral and symmetrical exophthalmos is pres- 
ent. Respiratory System: Patchy areas of 
atelectasis and emphysema are seen in the 
lungs (result of artificial respiration performed). 
Cardiovascular System: The foramen ovale is 
anatomically patent. Endocrine System: The 
combined weight of both adrenals is 1.6 gm. 
(normal 4.7 to § gm.). Microscopic examination 
reveals a large amount of lipids in the cortex. 
Only the anterior lobe of the hypophysis is 
recognizable. Most of the cells are chromo- 


* Courtesy of Dr. E. G. Holmstrom. 
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Fic. 1. Roentgenogram of maternal abdomen 
taken four weeks antepartum. 


phobes but a moderate scattering of eosino- 
phils is present. The thyroid gland weighs 1.1 
gm. Central Nervous System: The small mass of 
basal brain tissue reveals an ependymal lining 
and a choroid plexus. The meninges appear to 
be thickened and fibrotic both grossly and 
microscopically. No pineal body can be de- 
tected. 

Twin B (see Fig. 2). The body is 43.2 cm. 
long and weighs 2,320 grams. The calvarium is 
absent and the brain tissue is replaced by a 
bluish cystic mass 1.5 by 1.5 by 1.5 cm. in the 
anterior fossa of the skull. The neck is short, 
the eyes protrude. The subcutaneous fat is ex- 
cessive. Respiratory System: Examination of 
the lungs reveals fetal atelectasis. The lung 
weighs about one-half of the normal; the right 
lung weighs 8 gm., the left lung weighs 7 gm.; 
the histological structure is not remarkable ex- 
cept for scattered areas of recent hemorrhage. 
Cardiovascular System: A_ bicuspid aortic 
valve and a patent foramen ovale are present. 
Endocrine System: The adrenals weigh 0.7 gm. 
Hemorrhages are found in the boundary zone; 
vacuoles are present in the cells of the zona 
fasciculata. Extracapsular adrenal nodules are 
observed. Fat stains reveal large amounts of 
lipids. The hypophysis contains numerous 
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Fic. 2. Stillborn anencephalic twins. (A) Twin 4; (B) Twin B. 
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Fic. 3. Roentgen examination of anencephalic twins. (A) Twin 4; (B) Twin s. 
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large chromophobe cells but only a few eosino- 
phils. Only a minute portion of tissue resembles 
a pars nervosa. The thyroid gland weighs 1.5 
gm. and the thymus 14.5 gm. Genitourinary 
System: A double renal pelvis and a partial 
double ureter are seen on the right side. The 
genitalia are normal. Central Nervous System: 
Aside from the features described, the spinal 
cord reveals no remarkable change except that 
the cervical end of the spinal cord is attached 
to the scalp near the occipital region. No pineal 
body is observed. 


DISCUSSION 


The autopsy findings in one set of anen- 
cephalic twins confirm some of the impres- 
sions of various observers in the literature 
and are in agreement with some of the 
experimental studies in animals. Of partic- 
ular interest is the difference in_ bodily 
development of the two fetuses. The weight 
of the adrenals is inversely proportional to 
the weight of the two bodies. 

Hereditary factors are probably the main 
cause of the anomaly. Differences in en- 
vironmental factors must be present to 
account for the variations described in 
presumably identical twins. 


SUMMARY 


1. A case of anencephaly in identical 
twins is reported. It is believed to be the 
second fully reported case in the literature. 

2. The diagnosis was made four weeks 
antepartum by means of roentgenographic 
examination. 

3. The literature dealing with the etiol- 
ogy and pathogenesis of anencephaly is 
reviewed. 


Henry P. Plenk, M.D. 
St. Mark’s Hospital 
Salt Lake City, Utah 
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THE ROENTGEN FEATURES OF 
MUSCULAR DYSTROPHY* 


By ALEXANDER LEWITAN, M.D., 
and 


LOUIS NATHANSON, M.D. 


BROOKLYN, NEW YORK 


HIS report is concerned with the 

roentgen features of muscular dys- 
trophy as seen by us over a period of fifteen 
years in 35 patients. Our material consists 
mostly of advanced cases, requiring institu- 
tional care. Muscular dystrophy is a disease 
of unknown origin, affecting the myoneural 
junction and resulting in the progressive 
wasting of the musculature. Sometimes it is 
associated with pseudohypertrophy of the 
affected musculature. The larger muscles of 
the shoulders, pelvic girdles and the hips 
are, as a rule, first affected, and the smaller 
muscles of the hands and ‘feet are usually 
affected at a later stage of the disease. The 
disease usually follows a definite pattern 
in this fashion. Occasionally an atypical 
course is seen because of 
variable groups of muscles, and names are 
attached to the disease adding to the con- 
fusion of terminology, since they thereby 
designate a certain anatomical distribu- 
tion. The disease begins, as a rule, in early 
childhood. It may, however, occasionally 
start during adolescence or late puberty. 
It is occasionally seen in adults. It is more 
frequent in boys than in girls. 

For our purpose, the myopathies can be 
divided into two main groups, the pseudo- 
hypertrophic muscular dystrophies and the 
muscular dystrophies. The disease is pri- 
marily an affection of the muscles, and 
changes within the muscle proper are the 
main roentgenographic feature. These 
changes are quite characteristic roentgeno- 
graphically and practically permit the 
diagnosis of muscular dystrophy on that 
basis. The main pathological change in the 
muscle, which can be recognized grossly as 
well as histologically, represents abundant 
replacement of the muscle tissue by fat. 
The muscle becomes yellow and is easily 


affection of 


recognized as such. Fat appears roentgeno- 
graphically as transluscent bands and can 
be demonstrated in the extremities as trans- 
luscent shadows within the muscle fascia. 
When we first observed fat in the muscle, 
we assumed that subcutaneous fat would be 
a disturbing factor in evaluating this find- 
ing. The differentiation, however, was not 
dificult. Normally, fat is not seen within 
the muscle proper but is present at the in- 
sertion of the muscle tendon. Upper and 
lower extremities lend themselves very 
well to the demonstration of fatty tissue 
within muscle. The extent of the disease 
can be assessed from the amount of fat 
deposited, and, conversely, the amount of 
fat present depends on the stage of the 
disease. In the more advanced cases, there 
is almost complete replacement of the 
muscle by fat. Fat is deposited within the 
muscle in the direction of the main tendon. 
Degeneration of the muscle tissue with re- 
placement by fat tissue takes place in other 
diseases such as infantile paralysis, etc. 
Roentgenographically, however, there are 
two distinct features to differentiate fat in 
muscular dystrophy from other diseases. 
When fat is present in other neurological 
disorders, it is associated with a shrunken 
muscle. The muscle is decreased in size and 
contracted. The amount of fat is never ex- 
cessive, and the amount of subcutaneous 
fat is invariably increased. Soft tissue 
roentgenograms are required for proper in- 
terpretation of these findings. They can be 
readily produced by mainly employing low 
kilovoltage and increased target skin dis- 
tance. It is not surprising that such a strik- 
ing appearance of muscle has been recog- 
nized before. Frantzell utilized a case of 
muscular dystrophy in demonstrating the 
value of soft tissue roentgenography, and 


* From the Radiological Section of the Jewish Chronic Disease Hospital, Brooklyn, New York. 
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mate, on the basis of the fat replacement, 
the residual functional capacity of the pS 
muscle. There is one entity where fat dep- es 
osition is as abundant as in muscular 
dystrophy. It is seen in arthrogryposis, an 
obscure pediatric entity of congenital ~ 
origin. In this latter condition, however, 
muscle planes are either absent or reduced 
in size. Muscle volume in muscular dys- _ 
trophy is either maintained, and as the 1 
disease progresses is replaced by fat, or the 
muscle volume is increased in the pseudo- se 


Fic. 1. Histological section of muscle in progressive Y 
muscular dystrophy, taken from M. Vastus 
Medialis. There is marked replacement of the mus- 
culature by fat tissue. X150. Low magnification. 
Deposition of fat will appear as translucent bands 
on the roentgenograms. 
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Becker reported a similar observation in “ia? 
the German literature. It is possible to esti- -P "ae < 
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Kic. 24. At the age of eight. 
‘ Note the relatively normal 
u muscle density with little fat 
n deposition in the gastrocne- 
d mius muscle. Patient was 
r_ able to walk with a waddling 
gait at that time. Relatively 
“: little weakness in the lower 
extremities. Marked weak- 
1- ness in the upper extremities. 
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hypertrophic form and constitutes the bulk 
of soft tissue. 

Second in importance to the involvement 
of the musculature is the involvement of 
the osseous system. Roentgenographic 
studies of the lower extremities frequently 
demonstrate the femurs to be the width of 
a phalanx and surrounded by a bulky soft 
tissue mass. This has attracted attention, 
and has given rise to a number of reports in 
the literature, usually referring to bone in- 
volvement in muscular dystrophy, which 
has been sometimes referred to as osseous 
dystrophy. It is seen only when the disease 
starts at an early age, prior to the closing 
of the epiphyses and during that period of 
time when active growth in length of the 
bone is present. This reduction in width is 
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Kic. 2B. Same case nine years 
later when the disease is 
markedly advanced. Muscle 
volume has been maintained. 
There is excessive deposition 
of fat within the muscle 
which appears as translucent 
bands. No increase in sub- 
cutaneous fat. There is 
flexion contraction of the 
knees. Note also that in the 
nine years there is no in- 
crease in the growth of the 
width of the long bones, 
whereas growth in length 
has taken place. This is re- 
ferred to as_ concentric 
atrophy. 


referred to as concentric atrophy. It con- 
sists of a reduction in width of the medul- 
lary canal of any long bone. The cortex is 
also reduced in width but is less affected. 
Concentric atrophy of the bone is com- 
monly found in any disease which _per- 
manently affects any part of the afferent or 
efferent nerve supply of the muscle or 
muscles in the child at an early age. With 
normal epiphyseal development the bone 
can grow in length, but the growth in 
width depends on the stimulus and activity 
of healthy muscle. If the muscle power is 
impaired either by disease of the muscle 
proper or by disease of the nerve supply, 
the bone remains frail. Consequently, one 
may see a similar bone appearance in 
adolescents with a flaccid paraplegia, and in 
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Kic. 34. Development of the 
pseudohypertrophic form of 
muscular dystrophy. This 
film shows the upper ex- 
tremities at the onset of the 
disease at the age of eight. 
In this case, there was at 
first marked involvement of 
the lower extremities with 
little involvement of the 
upper extremities. 


cases of infantile paralysis, where there 
has been complete loss of function of an 
extremity at an early age. Furthermore, 
aside from neurological diseases, as in in- 
fantile paralysis, where it is common, Still’s 
disease, which is rheumatoid arthritis in 
children, will show the same features in the 
long bones. In reviewing the case records 
in the literature which show the same find- 
ings as our patients, the age of onset is 
always early. It is not the amount of mus- 
cular dystrophy which controls this ap- 
pearance of the bone. In advanced cases of 
muscular dystrophy with a late onset, the 
width of the bone is normal and no con- 
centric atrophy is seen. In these patients, 
however, if dystrophy is advanced, marked 
osteoporosis is present. If concentric atro- 
phy has taken place, osteoporosis is not a 
predominant feature. The epiphyseal areas 
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are less affected by the concentric atrophy 
and the epiphyses show osteoporosis where- 
as the shaft has a relatively normal bone 
density. The feature which all cases show- 
ing concentric atrophy have in common is 
the age of onset, which we believe explains 
this phenomenon. 

Aside from the long bones, secondary 
affection of the joints with development of 
contractures takes place. These contrac- 
tures are produced by assumption of fixed 
positions for long periods of time. Another 
feature responsible for the contractures is 
the associated fibrosis of the muscle which 
results in shortening of tendons. However, 
contractures are mainly seen in the lower 
extremities, affecting the knees and ankles, 
which would place main emphasis on posi- 
tion as responsible for the contractures. In 
addition to the involvement of the long 
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Fic. 4. Feathering of the gas- 
trocnemius. The fat is de- 
posited within the fibers in 
the direction of the tendon 
insertion. The muscle is 
Clearly delineated from sub- 
cutaneous fat. Also contrac- 

tures of the knee. 
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lic. 3B. Nine years later. Note 


the increase in muscle vol- 
ume which is made up by fat 
deposits. There has been no 
increase in subcutaneous fat. 
Note also the growth in 
length of the humerus where, 
again, there has been no in- 
crease in width. At this time, 
there is complete loss of 
function of the upper ex- 
tremities. 
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Fic. 5. To contrast the fat 
deposition in diseased muscle 
with a healthy muscle in an 
individual who is markedly 
obese. This is a case of 
Weber-Christian syndrome, 
and soft tissue roentgeno- 
grams also portray the pres- 
ence of nodules within the 
fat tissue. The excessive 
amount of subcutaneous fat 
is shown. The amount of sub- 
cutaneous fat has nothing to 
do with fat deposition in the 
muscle. 


bones, there is usually involvement of the 
spine because of the weakness of the trunk 
musculature. Since the disease affects the 
musculature bilaterally and is evenly dis- 
tributed, a marked scoliosis is seen to the 
right. Scoliosis of the dorsal spine when due 
to intrinsic spinal disease or as a result of 
postural defect is to the right. There is, 
however, an occasional scoliosis to the left 
in muscular dystrophy. If there is involve- 
ment of the dorsal as well as the lumbar 
spine, a uniform C-shaped curve is pro- 
duced. Rarely is there an S-shaped sco- 
liosis. Because of the muscular wasting 
within the shoulder girdle area, the scapulae 
appear to be winged, and with an early 
onset of the disease, the scapulae fre- 
quently show concentric atrophy. 
Postmortem examination will show in- 
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volvement of the heart musculature by the 
same pathological process with deposition 
of fat, degeneration of the muscle fibers and 
replacement by scar tissue. To a limited 
extent, replacement of the smooth muscle 
within the intestinal wall of the small in- 
testine by the same process 1s also seen. 
Roentgenoscopic examinations as well 
as roentgen kymographic studies will show 
decreased amplitude of the pulsations of 
the heart. Electrocardiographic studies are, 
however, much more reliable in demon- 
strating cardiac involvement. Enlargement 
of the heart chambers as a rule is not seen. 
Gastrointestinal involvement, which is 
noted on postmortem examination, is not 
demonstrable by our methods of examina- 
tion of the intestinal tract. Gastrointestinal 
examination and small intestinal studies 
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Fic. 6. Still’s disease. Concentric atrophy of the bone due to early contracture of the joints with secondary 
muscle atrophy, interfering with the normal development of the bone in width. Similar appearance of 
bone changes in muscular dystrophy, infantile paralysis and spina bifida, depending on early onset of the 
disease. 


Fic. 7. (4) Development of kyphoscoliosis of the spine within a period of ten years. This film shows findings 
at the time of admission. (B) The same patient ten years later. 
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Fic. 8. Marked scoliosis of the lumbar spine with a 
uniform curve toward one side. Typical example of = 
the scoliosis formed in muscular dystrophy. Fic. 9. Hypertrophic muscular dystrophy The hy- 
poplastic appearance of the femur in contrast to 
the bulky soft tissue mass. Very advanced case 
with onset at the age of six. 


Fic. 10, Typical example of 
muscular dystrophy showing 
marked feathering within the 
muscle, due to fat deposi- 
tion. Minimal osteoporosis 
is present. Onset of the dis- 
ease at the age of twenty. 
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fail to disclose significant changes, or 
changes which are specific or constantly 
seen. The esophagus, as a rule, will show 
diminished peristalsis. The most important 
involvement is the involvement of the 
diaphragms which occurs late in the dis- 
ease, manifesting itself by limited excur- 
sions of the diaphragmatic leaves. The 
basal segments of the lungs are not well 
aerated because of the weakness of the 
diaphragms and of the chest muscles. Once 
involvement of the di iphri igm takes place, 
aspiration pneumonitis is common. The 
most frequent cause of death in muscular 
dystrophy is basal pneumonitis. With the 
aid of mechanical respirators and an‘éi- 
biotics, this cause of death has been de- 
tayed. Basal atelectasis is a frequent oc- 
currence and it is possible to eliminate 
areas of atelectasis by oxygen inhalation. 
Genitourinary involvement is uncommon 
in muscular dystrophy. Sphincter control 
remains good. 


SUMMARY 


Muscular dystrophy is a disease of the 
myoneural junction of unknown origin, 


giving rise to characteristic deposition of 


fat in the affected musculature. 

The excessive amount of fat is recog- 
nized as translucent bands and show char- 
acteristic feathering recognized roentgeno- 
graphically. The bones in the affected ex- 
tremities show osteoporosis or concentric 


atrophy, the latter depending on the age of 
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onset of the disease. The bone changes are 
purely secondary to the muscle involve- 
ment. 

The disease is progressive, giving rise 


to scoliosis of the spine and contractures of 


the joints. 

4. Involvement of the diaphragms is 
common. Involvement of the diaphragms 
and cardiac muscle may be recognized 
roentgenographically. Basal pneumonitis is 
frequently the cause of death, in the ad- 
vanced cases, and is usually secondary to 
the involvement of the diaphragms. 


Alexander Lewitan, M.D. 
Jewish Chronic Disease Hospital 
Brooklyn 3, New York 
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A RARE CASE OF RACHISCHISIS WITH MULTIPLE 
MALFORMATIONS * 


By PIERRE-JACQUES ROSSELET, M.D. 


LAUSANNE, SWITZERLAND 


MONG the congenital malformations of the 
vertebral column the dysraphias take up an 
important place. The one which we had the 
occasion to observe was that of a newborn which 
appeared to us to be an exceptional kind. 


There is nothing in the antecedents of this 
child who has one sister who is in good health 
and who bears no malformation. The parents of 
the child are perfectly healthy and there is 
neither consanguinity nor syphillis nor alcohol- 
ism. No disease occurred during pregnancy. 
The child was born at term on July 7, 1949, in 
breech position. It weighed 3240 gm. and meas- 
ured 47 cm. It was pale and spastic and at 
once gave a bad impression (Fig. 1). 

The reflexes of the lower extremities, which 
were normally formed, showed no disorder. 
However, the baby showed numerous malfor- 
mations; one of which, a hydrocephalus, is 
visible in Figure 1. 

In Figure 2 one can clearly distinguish two 
areas on which the teguments are absent. The 
first one is situated in the inferior dorsal region 
and consists of a meningomyelocele covered 
by a reddish peel; it is oval shaped and well 
delimited with its long axis longitudinally 
directed (7 by 3 cm.). It is separated from an- 
other area by 2 cm. of healthy skin. This area 
is situated in the sacrolumbar region and is 
characterized by an elongated gutter with a 
clear cut limit measuring 4 by 2 cm. Examining 
it more carefully, we find that there is a groove 
at its superior part, not deep, parallel to the 
vertebral axis, which communicates with a 
small orifice from which flows a bit of meconi- 
um. This continues right through the groove 
which is covered by rectal mucosa, as confirmed 
by histopathological examination, and in the 
folds of which there is a small polyp implanted 
which was found to be aberrant adrenal. No 
nervous element is to be seen and the nerves of 
the cauda equina are invisible. The possibility 
of thrusting one’s index finger into the tissues 
without encountering any resistance permits us 
to suppose that the sacrum is absent. 


The urinary meatus is in its place; apparently 
there is neither penis, nor clitoris, nor vagina. 
Nevertheless one seems to be able to affirm the 
presence of the labia majora and the labia 
minora both of which are hypertrophied, the 
former being grayish with a grainy surface, the 
| tter red-violet and smooth. 

During its brief existence the child remained 
afebrile; it fed badly, and breathed with ever 
increasing difficulty until it died after three 
days. 


Such lesions should, it seems, be ac- 
companied by malformations of the skele- 
ton. As we shall see they revealed them- 
selves to be much more important than 
might have been supposed. 

This first roentgenogram (Fig. 3), taken 
in the anteroposterior position, shows that 
the vertebral column describes a slight sco- 
liosis with a right concavity in the inferior 
dorsal region which widens progressively 
forming two branches, giving it the aspect 
of a Y turned upside down. 

The bodies of the vertebrae, which are 
normal down to the 6th thoracic, seem to 
be altered from T6 onward showing an 
outline of a division on the midline. Flat- 
tened and partially united, T7, T8, and 
Tg form a block in which the intervertebral 
discs are aplasic. 

This leads us to believe that the widening 
at the level of the inferior thoracic column 
is probably a faulty fusing of the spinous 
processes. The entire sacrolumbar spine 
gives the impression of being a double 
column, as if the vertebrae had split into 
two halves which turn away from each 
other in order to be brought together 
again without, however, joining in the 
middle, thus forming an arc of a circle. 
The right column, the more important 


From the Department of Radiology, Faculty of Medicine, University of Lausanne, Chief of Service: Prof. A. Rosselet. Presen- 


ted at the Sixth International Congress of Radiology, London, July, 1950. 
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Meningomyelocele 


Sacral Canal 
with everted 


rectal mucosa. 
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one, comprises widened lumbar vertebral 
bodies which are situated farther down 
than the ones on the left side. S1, S2, S3, 
and Sq are irregular. On the left side only 
the four first vertebrae of polymorphic ap- 
pearance are roentgenologically visible. 
Seen in profile it is striking to find that the 
vertebrae can be seen on the left as well as 
on the right side. 
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The examination of this roentgenogram 
permits us to consider the possibility of 
two complete lumbar columns or two half- 
columns facing each other in the frontal 
plane after having performed a rotation of 
go degrees. 

We only mention, by the way, a few cos- 
tal anomalies. 

At autopsy the child turned out to be of 
masculine sex, the scrotum originally con- 
sidered to be the labia majora, contained 


Fic. 5. A drawing of the prepared 
skeleton. Posterior view. 
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atrophic testicles, a condition described 
under the name of androgenous pseudo- 
hermaphrodism. There were no other vis- 
ceral alterations except for the opening of 
the sigmoid into the superior part of the 
groove described above. 

Figure 4 is a roentgenogram of the 
stripped skeleton; it partly confirms our 
first description but we were surprised to 
find that the two segments of the spine 
join each other in their terminal part tak- 
ing the form of a bridge which comprises 
the three first left sacral hemivertebrae. 
There are no coccygeal vertebrae. The 
sacroiliac articulations are replaced by 
homologous articulations between the iliac 
crests and the two first sacral hemiverte- 
brae. The ischiopubic branches join in a 
normal symphysis (Fig. 5). 

A meticulous dissection allowed us to 
confirm the integrity of the posterior verte- 
bral arch down to T3; it also showed that 
the widening of the spine at the level of 
the inferior thoracic column did correspond 
to a deficient fusion of the spinous process 
as well as to the opening of the spinal 
canal which grew progressively more 
marked as far as T12. As the roentgen 
examination lets us presume, each lumbar 
half-column drawing the posterior demi- 
arch which is attached to it, in a rotation 
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from inward toward the outside, has placed 
the spinous process laterally, the crests of 
which serve for the attachment of the dor- 
sal muscles. 

There was one single spinal cord of nor- 
mal constitution as far as T3; farther down 
where the spine is opening, it spread out 
forming a meningomyelocele but instead of 
terminating in a filum terminale, it con- 
tinued to spread in a kind of sheath of 
neuroglia resting on the dura mater which 
filled up the hiatus between the two half- 
columns. This sheath was limited on either 
side by elements of the cauda equina which 
normally come out by the interspinal 
foramina. 

Thus dissection confirmed our second 
roentgenological hypothesis, 7.e., the exist- 
ence of one single sacrolumbar spine divided 
into two. 

The anomaly is illustrated schematically 
by transverse sections at three levels 
(Fig. 6). 

It is well known that beginning from the 
first days of intrauterine life, parts of the 
somites, the sclerotomes, come to lie along- 
side the notochord. The anterior and pos- 
terior parts of these proliferate actively, 
fusing in front and behind on the midline 
and finally closing in on the neural tube in 
order to form the membranous column. 
Seen anteroposteriorly the outline of the 
vertebral body is the result of the fu- 
sion of the two anterior halves of every 
sclerotome, whereas that of the vertebral 
arch comes from the two posterior halves. 
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It must therefore be admitted that through 
a faulty development whose origin cannot 
be traced and the mechanism of which 
escapes our knowledge, this fusion did not 
take place in the posterior part of the em- 
bryo where metameric disorders occurred, 
explaining the non-correspondence of the 
sacrolumbar hemivertebrae. An anomaly of 
that extent could hardly be explained by a 
defect in chondrification or ossification. 

When we thought of the possibility of 
two complete lumbar spines, we were per- 


mitted to consider a particular form of 


double monster and to suppose the previous 
existence of two spinal cords and two noto- 
cords having induced two columns. 

We shall refrain from going into the details 
of the other anomalies which the child 
presented; let us say only that the meningo- 
myelocele and the rectal exstrophy can be 
explained by an identical mechanism, the 
defective closing of the neurenteric canal. 

And now, what suitable name might be 
given to such a malformation which, as far 
as we know, has not been object of any 
previous publication? 

The two words usually employed to 
designate vertebral dysraphias—spina 
bifida and rachischisis—are often given 
different meanings. 

Spina bifida designates a defective fusion 
of the spinal canal; it concerns, etymologi- 
cally speaking, only the posterior vertebral 
arch. It is most often present in the lumbar 
region and said to be aperta or occulta, 
according to whether or not it is accom- 
panied by a hernia of the spinal cord and 
its coverings. To Schwalbe the word rachis- 
chisis means a posterior opening of the 
vertebral canal with a spreading of its 
contents, and for Koch it is a spina bifida 
stretching through the whole length of the 
spinal column. 

The interest of our observation lies in 
in the fact that the anomaly concerned 
not only the posterior arch—thus realizing 
the picture of a spina bifida—but the verte- 
bral body which is equally divided in a 
sagittal plane into two independent halves 
far removed from each other, correspond- 
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ing to a particular form of somatoschisis. 
There is good reason to reject the term 
anterior spina bifida to designate a split of 
the vertebral body and we should also not 
speak of anteroposterior or total spina 
bifida. Allowing the word to assume an- 
other sense, we consider this anomaly con- 
sisting of a spina bifida and a somatoschisis 
as a veritable rachischisis. We agree with 
Putti that this word, taken in the sense of 
an anteroposterior total scission of the 
spine in a median sagittal plane and not 
only posterior scission down the whole 
length of the column, construes best the 
particular character of the malformation. 
In order to be precise we shall speak, there- 
fore, of anteroposterior sacrolumbar total 
rachischisis or of a double sacrolumbar 
column... provided it is not one of those 
monsters which it is impossible to classify 
in a well established nosology, and of which 
Pliny said some time ago: ““Nature creates 
in order to astound us and to divert her- 
self.” 
H6pital Cantonal 
Lausanne, Switzerland 


The author wishes to express his gratitude to 
Professor Rodolphe Rochat, Head of the Depart- 
ment of Obstetrics and Gynecology, and Professor 
Maurice Jaccottet, Head of the Department of 
Pediatrics. The case history cited in this paper was 
taken from their services. 
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CONTRAST MEDIA AS A DIAGNOSTIC AGENT 
REPORT OF THREE UNUSUAL CASES 


By LEWIS J. FRIEDMAN,* RICHARD M. FRIEDENBERG,} and 
JERROLD S. LIEBERMAN? 


NEW YORK, NEW YORK 


at the pres- 
ent time is an expensive roentgeno- 
graphic diagnostic aid because of the neces- 
sity of a rapid cassette changer for serial 
exposure in following the course of contrast 
medium through the vascular channels. 
When an automatic apparatus is not avail- 
able an inexpensive manual changer may be 
used with satisfactory results. 

In 2 of the cases described below, a 
cassette changer similar in detail to the one 
described by Henry Kk. Taylor’ in 1949 was 
used for angiocardiography. Ours was 
manually operated. The third case in- 
volved a peripheral angiogram. 

Angiocardiography. In this technique the 
usual procedure is followed by taking two 
standard films, one posteroanterior and one 
oblique, by which positioning and exposure 
can be checked. One member of the team 
rotates the cassette changer, the second 
gives the injection, and the third, using a 
stop-watch, exposes the films. If desired, 
the four films can be taken in ten seconds. 
We have used two injections routinely, 
enabling us to obtain views in two posi- 
tions. 

In a series of 15 cases 75 per cent neo- 
iopax* has been used without serious un- 
toward reactions. Flushes, dizziness and 
nausea were occasionally observed. The in- 
jection time, using a Robb-Steinberg syr- 
inge and needle, has been one to two 
seconds. Exposure factors were 300 ma. at 
1/15 to 1/20 of a second, using 75 to 90 kv., 
depending on the size of the patient and the 
position desired. In general, about to kv. 
additional to that used for routine chest 
films was found satisfactory. 


he neo iopax used was furnished by Schering Corporation. 


* 1: 
Director, Department of Roentgenology, Bellevue Hospital. 


In arteriography of the extremities 35 per 
cent neo-lopax was used with a sphygmo- 
manometer inflated to systolic pressure 
distal to the site of injection. Ten to 1§ cc. 
of the opaque medium was rapidly in- 
jected, the exposure being made just before 
completion of the injection to insure some 
reflux above this site. In most cases two 
injections were made, enabling us to obtain 
views of the vessel in two positions. 


REPORT OF CASES 


Case 1. S.G., Negro male, aged thirty-eight, 
had undergone a routine pre-employment roent- 
genographic examination, when a left-sided 
parahilar mass was found. There were no 
symptoms referable to the chest; the second 
pulmonic heart sound was loud and tambour- 
like. 

Physical Examination. Bronchoscopy and 
esophagoscopy were within normal limits. 
Roentgenogram of the chest revealed a large 
parahilar mass on the left which on roentgenos- 
copy was seen to be anterior to the heart and 
pulsating. Angiocardiography three seconds 
after injection of neo-iopax, disclosed the above- 
mentioned mass to lie in the region of the pul- 
monary artery just below the aortic knob 
(Fig. 1). The left pulmonary artery is deline- 
ated by the neo-iopax whereas there is no evi- 
dence of contrast material within the mass it- 
self. In the oblique projection, the right heart, 
pulmonary artery, and right and left branches 
of the pulmonary artery are readily visualized, 
with the mass “‘sitting” on the pulmonary ar- 
tery and depressing its superior border (Fig. 2). 
Roentgen diagnosis: Extrinsic tumor mass com- 
pressing the pulmonary artery. At operation 
a mass was disclosed immediately beneath the 
pleura extending into the left anterior medi- 
astinum. The neoplasm was approximately 8 
by 10 by 4 cm., smooth and well encapsulated. 
It lay in the interval between the left pulmo- 


t National Cancer Institute Fellow, Radiation Therapy, Bellevue Hospital. 
+ Assistant Resident, Second (Cornell) Medical Division, Bellevue Hospital. 
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nary artery at its exit from the heart and the 
curve of the aortic arch above. There was no 
evidence of invasion of contiguous tissues. 
Pathological examination revealed the tumor 
to be a benign thymoma. The benignity of the 
tumor was suspected because of the smooth 
contour of the depressed section of the artery 
without evidence of invasion of the arterial 
wall. 


Case 11. G.C., Negro male, aged fifty-six, had 
swelling of the left arm and shoulder and ten- 
derness of the left axilla for two days prior to 
admission. Examination revealed marked en- 
largement of the left arm and left side of the 
neck, and marked tenderness and swelling in 
the left axilla and infraclavicular fossa. A short 
systolic and high pitched diminuendo diastolic 
murmur were heard over the aortic area. Blood 
pressure was 220/110 in both arms. The left 
arm and forearm were considerably larger than 
the right, the left measuring 33 cm. at the bi- 
ceps, the right 26 cm. Moderate venous dis- 
tention was noted in the left arm. Examination 
of the blood and urine revealed a 4 plus Maz- 
zini, and negative Wassermann reaction. Ve- 
nous pressure in the left arm was 500 mm. saline 
while that in the right arm measured 130 mm. 

The patient was first examined in the postero- 
anterior and left anterior oblique projections 
using 75 per cent neo-iopax injected into the 
antecubital vein. The ascending aorta meas- 
ured 48 mm. which was about 10 mm. above 
the normal range established by Dotter and 
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Steinberg. There was a saccular aneurysm of 
the distal portion of the arch of the aorta 
(Fig. 3). Because of the clinical symptoms of 
venous obstruction, the patient was re-injected 
several days later with 35 per cent neo-iopax in 
the left antecubital vein, the cassette centered 
over the arm. Figure 4 depicts a film taken three 
seconds after the injection. The cephalic, 
basilic and axillary veins are shown with their 
ramifications. There is a constant defect in the 
region of the axillary vein with numerous en- 
gorged radicles distal to this area. This defect 
was also seen on the last film taken at eighteen 
seconds and is thought to represent a thrombus 
within the axillary vein. 


Case i. P.S., white male, aged twenty- 
nine, who had known heart disease for ten 
years. About six months before admission, he 
noted gradually increasing weakness accom- 
panied by dyspnea on exertion, a 15 pound 
weight loss, swelling of the ankles and a tran- 
sient episode of tender swollen finger tips. On 
admission, the patient had slight elevation of 
temperature, blood pressure of 190/80, pulse 
96, and regular. The heart was enlarged, with 
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murmurs, indicating mitral stenosis and in- 
sufficiency and aortic stenosis and insufficiency. 
The liver was felt below the right costal margin 
and the spleen was markedly enlarged. The 
fingers and toes were clubbed. Admission diag- 
nosis was subacute bacterial endocarditis. 
Laboratory tests revealed a red blood cell 
count of 3.8 million with normal white blood 
cell count and differential; sedimentation rate 
75 mm. (Westergren). The urine was free of al- 
bumin and sugar but repeatedly contained red 
and white blood cells. Of twenty-two blood 
cultures, one grew Streplococcus viridans. 

The patient was placed on a regimen of 8 
million units of penicillin per day for six weeks. 
On the day after the completion of therapy, 
he had an episode of chest pain and generalized 
aching pain with fever to 103° F., followed later 
by warmth, tenderness and swelling of the 
right leg with a positive Homan sign and swell- 
ing and pain in the right groin. On a regimen 
of anticoagulants, penicillin and local therapy, 
the thrombophlebitis subsided and the patient 
left the hospital against advice. He returned 
three days later with persistent tenderness and 
swelling of the right leg and knee. This was 
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followed by the development of a pulsating 
mass in the right thigh. 

The patient had two injections into his fem- 
oral artery just above the pulsating mass, 
films were taken in the anteroposterior and the 
oblique positions. The film in Figure 5 shows 
the contrast material apparently within two 
loculated aneurysms arising from the junction 
of the profunda femoris artery. At operation a 
single large aneurysm was removed together 
with a segment of the femoral artery and pro- 
funda femoris. The appearance of the locula- 
tion was probably caused by two large thrombi 
found within the aneurysm. Pathological diag- 
nosis of the surgical specimen was ‘‘mycotic 
aneurysm with thrombosis.”” A segment of the 
saphenous vein was interposed between the 
severed ends of the femoral artery to establish 
continuity. Following the operation, a second 
angiogram was taken (Fig. 6), showing excel- 
lent patency of the femoral vessel with slight 
constriction at the site of anastomosis of the 
venous graft. 


L. J. Friedman, R. M. Friedenberg and J. S. Lieberman 


FEBRUARY, 1955 


CONCLUSION 


Three cases depicting a mediastinal 
tumor, axillary vein obstruction, and my- 
cotic aneurysm following subacute bacterial 
endocarditis are presented with appropriate 
illustrations. 


Lewis J. Friedman, M.D. 
77 Park Ave. 


New York 16, New York 


We would like to express our appreciation to Dr. 
E. Hugh Luckey, Director, Second (Cornell) Med- 
ical Division, Bellevue Hospital, and to Dr. Maurice 
Pomeranz for their assistance in this project. 
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THE FUTURE OF THERAPEUTIC RADIOLOGY * 


By JUSTIN J. STEIN, M.D. 


LOS ANGELES, CALIFORNIA 


ERHAPS one might think that from 

the title of this paper that a discussion 
of ultra-modern devices such as a 
300,000,000 electron volt betatron, a giant 
cyclotron, and the multi-billion bevatron, 
would be presented. The purpose of this 
paper is to stress the need for radiologists 
to take time out to completely re-appraise 
the situation as it pertains to them, to reset 
their sites, and to plan accordingly. 

Great strides have been made in radi 
ology since the discovery of the x-ray by 
Wilhelm Conrad Réntgen in 1895, by J. J. 
Thompson’s isolation of the electron in 
1897, by the discovery of polonium and 
radium in 1898 by the Curies, and by the 
accidental discovery of the effect of radium 
on the skin by Becquerel in 1go1. The num- 
ber of advances that have been made since 
that time are too numerous to mention here. 

Continued demands have been made by 
the medical profession for more efficient 
and more powerful roentgen-ray machines, 
for more advanced equipment for use for 
rotation, and for the medical application of 
isotopes. 

Surgery and radiation, either singularly 
or in combination, are not the final answer 
to the cancer problem. Many cures and 
excellent palliation by both methods of 
therapy have been obtained. The manage- 
ment and treatment of cancer is predom1- 
nantly a radiological problem because 
sooner or later about 75 per cent of cancer 
cases are seen by radiologists, especially for 
palliative therapy. Although the cause of 
cancer is not known, it does not necessarily 
follow that when the cause is found the cure 
rate of existing cases will be materially 
atfected. The cause of tuberculosis has been 
known for many years but there are still 
many difficult problems in its management 
and therapy. It is quite possible that the 


cure of cancer may be found in the next 
fifteen or twenty years as a result of the 
tremendous amount of research which is 
being pursued, but until that time our task 
in therapeutic radiology is clearly cut out, 
namely, to do the best job we know how 
with the equipment we now have. 

It is not necessary for one to be sur- 
rounded by expensive instruments, equip- 
ment, and ultra-modern devices to become 
an outstanding radiologist. We have only 
to think of great strides in radiology such 
as those made by the late Gésta Forssell, 
who founded the Radiumhemmet in small 
rented quarters and began that great insti- 
tution with one roentgen-ray machine and 
120 milligrams of radium. For anyone en- 
dowed with courage, vision, persistence and 
singleness of purpose, nothing will be im- 
possible. A great deal of excellent work is 
being done in one-room laboratories with 
a moderate amount of good equipment. 
Future great medical discoveries may just 
as well come from these unpretentious 
laboratories as they have come in the past. 

Garland has stated that “Irrespective of 
the radiation equipment available, it is the 
training and experience of the radiologist 
which is of primary importance:” he is the 
“facility!” At the risk of being tautologic 
I would repeat these words: “A knife never 
cured a cancer—a surgeon using a knife 
cured it. Conversely a roentgen-ray beam 
never cured—a radiologist using it did.” 

One is impressed by the fact that many 
radiologists have failed to realize that they 
are physicians practicing radiology. Many 
radiologists have treated patients accepting 
the referring physicians’ diagnoses without 
taking adequate histories and doing physi- 
cal examinations, and have failed to check 
the pathological slides. In so doing radiolo- 
gists who pursue this course have lost con- 
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246 Justin 
tact with clinical medicine to such an ex- 
tent that they have lost some of the respect 
of the surgeons, internists and other spe- 
cialists. Radiologists are called by many 
merely “‘x-ray or “glorified techni- 
cians.”’ Many of the laity and even hospital 
authorities have come to look upon the 
services of radiologists as that of a glorified 
technician. For this viewpoint in many in- 
stances the radiologist is to blame because 
of his failure to take clinical histories and 
to examine the patients sent to him. If the 
patient has no personal contact with the 
radiologist he is prone to consider him in a 
different light from one who examines and 
discusses his case with him. 

One of the principal reasons that patients 
with cancer submit to quack treatments 1s 
because of our failure to adequately care for 
and advise them. 

Because of insufficient interest, initiative 
and vision some radiologists have indirectly 
facilitated the use of radium for therapy 
by surgeons and gynecologists who may not 
be adequately trained and instructed in the 
dangers of its use both to themselves and 
to the patients. It is relatively easy for the 
radiologist to become familiar with the 
technique of the intrauterine insertion of 
radium and such operative procedures as 
are necessary for carrying out radiation 
therapy for gynecological lesions under 
sterile conditions. There is no reason why 
the radiologist cannot regain his logical 
position in radium therapy and work in 
close cooperation with the surgeon and the 
gynecologist. Everyone, and especially the 
patient, will benefit by this cooperative 
endeavor. 

There is an increasing tendency for the 
use of isotopes to be taken over by non- 
radiologists. Here again part of the blame 
rests with the radiologist. The use of radio- 
active materials should be controlled and 
managed by radiologists and preferably by 
the therapeutic radiologist. The radiation 
physicists, working in close cooperation 
with the radiologist, will be available to all 
members of the medical staff for consulta- 
tion, no attempt being made to deny any- 
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one the use of isotopes when indicated but 
merely to safeguard both patients and 
personnel. 

The radiologist who accepts a patient for 
treatment must assume his full share of the 
responsibility. He must devote as much 
time as is necessary for diagnosis, treatment 
and followup. He cannot and must not turn 
the patient over to a technician to treat. 
Economically perhaps there is less money 
and also more physical work involved in 
performing therapy. He must be com- 
pletely familiar with the natural life history 
of the different types of tumors, of the path- 
ology, of medical and surgical procedures, 
and of therapeutic radiology as it is applica- 
ble in the treatment of the various tumors. 
One does not frequently find adequate 
facilities for doing physical examinations, 
dressings, and follow-up clinical studies in 
the offices of the radiologists. 

At the present time great emphasis is 
being placed on radiation physics. This is 
very good but as time goes on there is an 
increasing tendency to become more and 
more highly specialized, to devote more 
time to laboratory tests and procedures, 
and less time to the taking of a history and 
doing a careful physical examination of the 
patient. Often at tumor board conferences 
I have heard opinions given at great length 
as to what the treatment should be of a 
given case before the patient was actually 
examined. After the careful examination of 
the patient an entirely different viewpoint 
was obtained. Desjardins has stated that 
“to a physicist a neoplasm is a mass of tis- 
sue. To him the differences in the natural 
history of different kinds of tumors, their 
tendency to metastasize early or late, the 
tissues or organs which are prone to be af- 
fected primarily or secondarily, and their 
great difference in sensitivity or resistance 
to roentgen rays or radium, mean very lit- 
tle. But to a therapeutic radiologist these 
biologic considerations should be at least as 
important as a penetration of the rays or 
as the number of roentgens that can be de- 
livered to a certain depth in a certain 
number of days.” It is highly desirable that 
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the radiation physicist be taught as much 
as possible about the clinical —— 
and principles of therapeutic radiology 
order to make him a much more 6 a 
member of the team. Radium therapy still 
remains to some extent an art as well as a 
science. 

At the present time there are not enough 
radiation centers in this country and too 
few good radiation therapists. It is neces- 
sary that as soon as possible there be a di- 
vision of radiology into the separate spe- 
cialties of diagnostic roentgenology and 
therapeutic radiology. In medical schools 
and in large institutions there can be a 
chairman for administrative purposes for 
both departments and for the training pro- 
gram. There will still be a need to train 
radiologists in both diagnosis and therapy 
especially those who will go into smaller 
communities where it will be impossible to 
set up a separate therapy department. 
Also it is probably wise to train all radi- 
ologists in the fundamentals of both diag- 
nosis and therapy and then in the first or 
second year of training he can make a 
choice and either specialize in diagnosis or 
in therapy. The fourth year of training is 
desirable because the resident can devote 
some of his time to learning sterile surgical 
technique for gynecological lesions and 
other lesions requiring radium or radon 
seeds, etc. Most of the radiologic teaching 
should be in the form of informal con- 
ferences and seminars rather than in formal 
lectures. In the large institutions and 
medical schools the resident is able to see 
many different types of cases and will be 
able to correlate all the data and will have 
the opportunity to confer frequently with 
his colleagues in other specialties. Although 
some might consider four years as being too 
long to remain in institutional training in 
order to become a good radiation therapist 
this requires considerable experience as it 
can only be obtained by seeing and treating 
many patients and not by learning it out of 
a book. When to use surgery or radiation or 
both, or some other modality, requires ex- 
perience and judgment and this cannot be 
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obtained in a hurry. If the resident has only 
three years of training, six months of which 
is spent on pathology and part of the time 
on diagnostic roentgenology he will need 
many years in private practice to provide 
him with an adequate number of cancer 
patients to treat and study to enable him 
to obtain adequate experience and judg- 
ment. The successful treatment of cancer 
requires teamwork between the surgeon, 
the pathologist, the radiologist, internist, 
gynecologist, dermatologist, the radiation 
physicist, and all other specialties. Consul- 
tative tumor boards are of great value in 
helping determine which is the best treat- 
ment for a given case and particularly for 
complicated cases. Frequently one hears 
the remark that “‘he being a surgeon oper- 
ated” or “‘he being a radiologist prescribed 
radiation.”’ On many occasions I have pre- 
sented patients to the tumor board with the 
idea that I had worked out a satisfactory 
therapy program. However, after discus- 
sion with other representatives of the board 
I have changed my opinion in order to pro. 
vide more satisfactory treatment for a 
given case. 

In the past there has been too great a 
tendency to refer only far advanced pallia- 
tive cases to the radiation therapist. As 
soon as the radiation therapist has ob- 
tained the confidence of his colleagues by 
demonstrating to them the usefulness and 
success of radium and roentgen therapy 
when properly applied he is given more 
early small lesions to treat. It is regrettable 
that in some large centers aggressive thera- 
peutic radiologists are not available in 
order to help round out the training pro- 
gram in those institutions. 

Although the role of the therapeutic 
radiologist is devoid of the glamour associ- 
ated with surgery, his rewards are just as 
great in doing good for humanity. He need 
not be unduly pessimistic but should think 
of the many far advanced cases of cardio- 
vascular, cardiorenal, tuberculous, ar- 
thritic, and many other long drawn out 
crippling disabling diseases which other 
specialists care for. The therapeutic radi- 
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ologist is provided with many opportunities 
both to cure and palliate disease and he has 
enough cases with excellent results to keep 
him optimistic at all times. 


SUMMARY 


A plea is made for all radiologists to 
utilize their training as physicians first and 
as radiologists second. They should take 
histories and make careful physical exam1- 
nations on all cases referred for treatment 
in order to maintain both the confidence of 
their colleagues and of their patients and in 
order to do better therapy. 

Diagnoses and biopsy reports should 
never be accepted without the radiologist 
making his own study and analysis of the 
case. 

The radiologist sees many cancer cases 
and is in a position to know the effects of 
the various methods of treatment whether 
used singly or in combination. 

There should be a division of radiology 
into diagnostic roentgenology and _ thera- 
peutic radiology. If the radiologist does 
only occasional therapy it is unlikely that 
he will devote the necessary time and effort 
to see that proper therapy is carried out 
and also he will not constantly keep abreast 
of what is new in the literature and may not 
attend the tumor boards in his vicinity. 

Although the role of the therapeutic 
radiologist is devoid of the glamour associ- 
ated with surgery his rewards are just as 
great in doing good for humanity. He need 
not be unduly pessimistic but should think 
of the many far advanced diseases which 
members of other specialties care for in 
which the possibility for cure is very small 
or nil. 

Even with present methods of treatment 
at least one-third of the patients now dying 
from cancer could be saved with early 
diagnosis and adequate initial therapy. 

Therapeutic radiology has made great 
strides during the past fifteen years and 
every possible effort should be made to 
continue to advance this essential specialty. 
There are many fields of investigation which 
need to be studied and there are many 
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problems as yet to be answered. The future 
of therapeutic radiology is bright but we 
must be constantly vigilant and become 
better clinicians. 


10911 Weyburn Ave. 
Los Angeles 24, California 
REFERENCES 

1, Desyarpins, A. U. Relation of therapeutic radiol- 
ogy to clinical medicine. Am. J. RoENTGENOL, 
& Rap. THERAPY, 1949, 62, 75-83. 

2. Gartanp, L. H. Roles of surgery and radiology 
in treatment of cancer. Am. J. RoENTGENOL, 
& Rap. THERAPY, 1949, 62, 858-869. 

3. Grasser, Orro. Evolution of radiologic physics 
as applied to isotopes. Janeway Lecture, 1950. 
Am. J. Roenrcenor, & Rap. THERAPY, 1951, 
05, §15-§28. 

4. Wipmann, B. P. Triumphs of palliation in radia- 
tion therapy. Am. J. RoenrGenot. & Rap. 
THERAPY, 1951, 65, 685-690. 


2 


DISCUSSION 


Dr. H. Dasney Kerr, lowa City, Iowa. 
I would like to epitomize the thought which I 
get out of this statement by Dr. Stein by say- 
ing that the future of therapeutic radiology is in 
the hands of the therapeutic radiologists. 

That includes, of course, his two main theses. 
One is (and this, of course, is a pet subject with 
me, as it is with most of you) that primarily we 
are physicians. The second (and one which I 
think he did not emphasize perhaps quite as 
much as he should have) is that if we don’t put 
all that we’ve got into the subject of thera- 
peutic radiology, that branch of our specialty 
will not only not go ahead but will regress, be- 
cause there is a pressure from the surgical side. 
Our surgical confréres are doing everything 
they possibly can—and rightfully—to increase 
their results in the cure of malignant disease, 
whereas many of us sit more or less idly by and 
continue to do what we have done for the past 
ten or fifteen years or more. 

I would not like to take any more of your 
time except to emphasize that the future of 
therapeutic radiology, as we now know of it— 
or as we can now conceive of it in the light of 
recent advances—lies in the hands of thera- 
peutic radiologists, and if it falls by the way, 
we have only ourselves to blame. That is true 
not only of the ordinary therapeutic measures 
which we use—roentgen rays and radium—but 
also of the uses of isotopes. Many of these 
things have gone by default because of a con- 


a 


3 
ay 


Cv 


VoL. 73, No. 2 


spicuous lack of interest on the part of thera- 
peutic radiologists. 

So, with those thoughts, which I would again 
like to emphasize, as they have been brought 
out by Dr. Stein, I would say again that if we 
continue to be more or less blasé and think that 
because certain conditions have been sent to us 
in the past they will continue to be sent to us in 
the future, we may be much disappointed, be- 
cause there is always—and rightfully—a con- 
tinued pressure, not of competition but con- 
tinued pressure for better results from the sur- 
gical side. We cannot afford to be less forward- 
looking or less persistent than our colleagues, 
the surgeons. 


Dr. Ratpo Puitiips, New York, N. Y. | 
guess I was asked to speak on this as bridging 
both sides of the Atlantic, and as an adopted 
American. I must say I don’t agree with all this 
self criticism. I have been about this country a 
great deal, and I think the standards of ther- 
apy are extremely high here, particularly in 
the smaller centers. I think perhaps it is the 
big centers that are failing, but perhaps Dr. 
Kerr and all the rest of you know more about 
that than I do. 

I certainly enjoyed Dr. Fricke’s paper,* and 
I am sure he must have evoked pleasant mem- 
ories in many of us. 

There are one or two things in the English 
experience which I think may be applicable 
here. Certainly, one of them concerns the time 
when we founded the Society of Radiothera- 
pists, because we got radiation physicists and 
radiation biologists as equal members. We also 
invited such surgeons, pathologists, and others, 
who were interested in cancer; we let them be 
honorary members; we didn’t let them pay any 
dues, and they had no say in the society—they 
came to help, and not to govern. 

There was another point Dr. Fricke brought 
out, and that was the education. Of course, 
it isn’t only the post-graduate education that 
is different in England. It is different from the 
grade school on up. So far as medical education 
is concerned (and here I’d like to take issue 
with Dr. Stein) the tradition there is learning 
by osmosis and not by teaching. 

I don’t like teaching physicists or anyone 
else. I think it is the association—as Herb 
Parker brought out so well yesterday—and 
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the cross-fertilization between minds discussing 
things on an equal basis, and demonstration by 
example, and not by dogmatic teaching, that 
has led to what really has been a remarkable 
growth of radiation therapy in England in the 
past twenty years. 

As regards the future of therapeutic radiol- 
ogy, I haven’t the faintest doubt myself. After 
all, when you think that the understanding 
and the investigation and control of cancer 
owes more to fifty years of radiotherapy than 
it ever did to five thousand years of surgery, 
you must believe that the next twenty-five 
years will see at least equal achievement. I do 
not see that there is any question of that prom- 
ise not being fulfilled. 

Radiotherapy must be mistress in her own 
house. She must be able to attract the very best 
intelligence and character to her service, and 
she can’t do that as a subdivision of diagnostic 
radiology or surgery or any other specialty. 

Just to conclude, I would like to recall words 
that are applicable in this instance to both the 
radiologist and the surgeon—there are many 
dangers awaiting those who use tools they do 
not understand. 


Dr. FotKe Jacossson, Stockholm, Sweden. 
I am just talking from the Swedish point of 
view. In Sweden we have discussed the future 
development of radiotherapy very much. It has 
been of immense importance to us to have the 
radiological treatment of cancer centralized in 
three centers, each with its own defined region 
of population. 

In cancer of the cervix, the majority of cases 
are still referred to the centers, because treat- 
ment with larger amounts of radium cannot be 
done in other places, and irradiation, in Sweden, 
is still recognized as the best treatment for this 
disease. As for cancer that can be treated with 
roentgen radiation, there has been an increasing 
trend for radiologists in county hospitals 
without special training—to want to treat these 
cases, partly because they want to spare the 
patient a long journey to a center and partly, 
also, because the local surgeon considers that 
there is a roentgen-ray machine in the hospital, 
and a doctor who can prescribe the dose and 
run the machine. The surgeon doesn’t realize 
that roentgen treatment can be performed in 
different ways with quite different results. 

At the centers we are convinced that the 
radiation treatment of cancer ought to be cen- 
tralized as much as possible. To overcome the 
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difficulties with long journeys and waiting 
time, we intend to create one or two new centers 
of the same type as the older ones. 

A center ought to be equipped with not only 
a radiotherapy department but also a radio- 
pathologist, a radiophysicist, a radiobiologist, 
and facilities for competent tumor surgery. 
To attract and interest competent doctors, it 
is of utmost importance that the economic con- 
ditions be good. Doctors training at these 
centers with the aim of devoting their lives to 
the cure of cancer have very few possibilities 
for advancement. 

At the centers we earlier trained all radiol- 
ogists in Sweden in radiotherapy for about 
one to two years. We think, however, that this 
training is too short for a radiologist to be able 
to treat all cases of cancer adequately. It may 
also be too long for radiologists who will only 
learn to treat nonmalignant diseases and ad- 
vanced cancer cases and be consultants at the 
county hospitals as to which cases should be 
sent to the centers. 

We now consider that it is better for the 
future of therapeutic radiology that radiologists 
who do not intend to specialize in radiotherapy 
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should, above all, learn which cases they ought 
to send to the centers and which cases they 
ought to treat at the county hospitals. It is 
better to send too many cases to the center 
than to deprive a patient of the chance of cure 
with highly skilled men and specialized treat- 
ment. I believe the risk of centralization is de- 
feated by the competition between independent 
centers. 

As to the education of the radiotherapist, he 
must know almost more than any other special- 
ist. Especially should he have good experience 
in internal medicine, and a good knowledge of 
the possibilities of surgery in cancer, and be 
able to follow the evolution in these specialties. 

We are convinced at Radiumhemmet that 
our increasing improvement of the results, for 
example, in carcinoma of the hypopharynx is 
in a large part due to our facilities, to be able 
to have our own beds for these patients, and 
to be able to follow and care daily for their gen- 
eral condition. 

We have been forced to learn the proper use 
of antibiotics, vitamins and the different agents, 
and the evaluation of the fluid balance. 
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THE EFFECTS OF IRRADIATION OF THE PELVIS IN 
PATIENTS WITH CARCINOMA OF THE CERVIX 
UTERI ON THE ILIAC AND STERNAL 
MARROW AND ON THE 
PERIPHERAL BLOOD* 


By LUCILE W. HUTAFF, M.D., and HELEN W. BELDING, M.D. 


WINSTON-SALEM, NORTH CAROLINA 


REVIOUS investigators have not been 

in agreement as to the degree and ex- 
tent of the effects of irradiation on the bone 
marrow. Meller, Gottlieb and Brauner’? in- 
dicated an effect on neutrophils within a 
few minutes after a dose of 28 roentgens, 
and stated that small doses of roentgen 
rays accelerate maturation and thus stimu- 
late the marrow. Florentin and Binder* de- 
scribed decrease in the erythrogenic and 
myelogenic cells of the sternal marrow dur- 
ing exposure of the sternum to therapeutic 
irradiation and suggested that this effect 
was partly responsible for changes in the 
peripheral blood. Piechl'* concluded that 
irradiation to parts of the marrow other 
than the sternum had no effect on the 
sternal marrow. 

The purpose of this study is to determine 
the effect of local irradiation in therapeutic 
doses on the adjacent and distant bone 
marrow. The opportunity for this type of 
investigation was supplied by 12 patients 
with carcinoma of the cervix uteri who were 
receiving therapeutic irradiation to the 
pelvic organ. 


MATERIAL AND METHODS 


The plan of’ study involved sampling of 
the bone marrow before treatment, and after 
therapy with both roentgen rays and radium. 
Twelve consecutive patients with carcinoma 
of the cervix proven by biopsy (Table 1) sub- 
mitted to the experiment.* Samples of bone 


* We are indebted to Dr. Frank R. Lock, Professor of Obstet- 
rics and Gynecology, and to Dr. James F. Donnelly, Associate 
Professor of Obstetrics and Gynecology, for their cooperation in 
this study. 


marrow were obtained before, and at varying 
intervals after the initiation of roentgen ther- 
apy in Io patients. In only 2 of these patients 
(Cases 6 and 7) were samples of the marrow ob- 
tained after treatment with radium as well as 
after roentgen therapy. A single specimen of 
bone marrow was obtained in Cases 11 and 12. 

Hemoglobin levels, hematocrit values, eryth- 
rocyte and leukocyte counts, and smears of 
the peripheral blood were obtained at the time 
of the initial aspiration of the marrow. When 
possible, leukocyte and differential counts were 
made daily while the patient was treated with 
roentgen therapy. Hemoglobin determinations 
were performed using the Cenco photelometer 
and blood was drawn in ordinary clinical pi- 
pettes for cel] counts. 

Before the initial roentgen treatment or 
within twenty-four hours after it, bone marrow 
was aspirated from one iliac crest. At the time 
of implantation of radium, samples of marrow 
were removed from the opposite iliac crest and 
the sternum. As Table 1 shows, the time at 
which radium was implanted varied in the in- 
dividual patient. Marrow samples were pre- 
pared according to the method of Berman! as 
well as that of Schleicher.'® 

Since it is generally considered®”? that an 
adequate sample of marrow aspirated from one 
site is representative of the composition of 
marrow from other sites, the samples obtained 
from the initial aspiration of the iliac crest are 
considered as controls for both the iliac and 
sternal marrow. 

Roentgen therapy consisted of a total of 2,400 
r (in air) administered to each of four pelvic 
fields covering an area 10 by 15 cm. Treatment 
factors were 200 kv., 18 ma., 1.0 mm. Cu half- 
value layer, 50 cm. target skin distance. The 
treatment period covered approximately twenty- 
eight days, and therapy was given daily for six 


* From the Department of Internal Medicine of the Bowman Gray School of Medicine of Wake Forest College and the North Caro- 


ina Baptist Hospital, Winston-Salem, North Carolina. 
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ANALYSIS OF CASES 


Day of Day of 
. Pathological Days of Marrow Implanta- 
. Diagnosis Roentgen Therapy Aspira- tion of 
tion Radium 
I 29 Epidermoid carci ist through 37th day 12 12 Roentgen and radium therapy combined 
noma 26 
2 36 Sq. cell carcinoma, Ist through 29th day 16 16 
grade 2 
3 47 Sq. cell carcinoma, ist through 18th day 17 25 
grade 2 
4 33. | Sq. cell carcinoma, | Ist through 33rd day 23 23 Roentgen therapy interrupted by radium 
grade 2 37 implantation 
5 50 Intra-epith. carci ist through 17th day 29 29 Roentgen and radium therapy combined 
noma 22nd through 26th day late in period 
28th through 3gth day 
6 41 Sq. cell carcinoma, ist through 28th day 4c 4c Panhysterectomy goth day 
transitional grade 2 gc 
7 47 Sq. cell carcinoma, | Ist through 20th day 40 40 Diarrhea after goth day; panhysterec- 
grade 2 tomy 1ogth day 
8 60 Intra-epith. carci- Ist through 18th day 43 43 
noma 
9 65 Sq. cell carcinoma, ist through 28th day 67 67 
grade 2 
10 63 | Sq. cell carcinoma ist through 28th day 74 74 Sternal marrow sample only on 74th day 
11 af Uncertain Ist through 27th day None Repeat biopsy showed no evidence of car- 
cinoma. Therapy discontinued. Case in- 
cluded for peripheral blood study only 
12 45 | Cervical polyp. ist through 18th day 1g No marrow samples after treatment. Case 
Intra-epith. carci- 20th through 25th day included for peripheral blood study only 
noma 
Taste I] 
QUANTITATIVE VALUES OF MARROW ASPIRATED FROM THE ILIAC CREST AND THE 
STERNUM BEFORE AND AFTER INITIATION OF RADIATION THERAPY 
Before Therapy Iliac Crest Day of After Therapy 
Therapy 
Case when Iliac Crest (percentages) Sternum (percentages) 
Fat M.E.* RBC | Plasma | Marrow 
(percentages) Obtained | Fat M.E.* | RBC | Plasma Fat M.E.* RBC | Plasma 
I 1.0 42.5 49.5 12 Ps $7.5 6.5 18.5 42.6 48.5 
2 3.2 17.5 44.3 35 15 0.5 0.9 47.0 51.6 2. g.O 
4 3.0 17.0 35 .¢ 45. 23 rs 1.8 44.3 61.4 2.8 19.6 33-7 43-9 
5 1.0 4.( si. 44.¢ 29 $3 49.0 46.8 37.0 28.0 33-5 
6 1.0 6.5 44.¢ 48.5 4° 2.5 4255 I. §3.0 42.5 
4.0 56.0 35.0 12.0 36.0 §0.0 
7 rsa 6.8 50.5 41.5 104 1.0 3-9 55.5 39.6 2.0 13.0 47.0 38.0 
8 1.0 5.0 $3.0 41.0 43 1.9 1.5 44.2 $2.4 2.0 7.8 40.1 50.1 
9 2.0 2.0 42.3 £22 67 4.0 2.0 42.0 §2.0 ae 7.4 30.8 44.2 
10 1.0 42.1 $4.4 74 2.0 9.0 45.0 44.0 § 23.8 35-6 | 34-7 


Myeloid-erythroid portion. 
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TaBLe III 


PARTITION OF BONE MARROW CELLS BEFORE AND AFTER RADIATION THERAPY 


Iliac Crest (per cent) 


Day of 

Case | Ther- 
apy Pre . | Myeloidt Mono Ery th 
cursors nuclearft roid § 
I I a 9 9.6 9 
12 8 37 3-7 
2 I 81.1 9.2 7.4 
1s 4.6 5 45 1.4 
2 2.4 7.3 14.9 7.6 

I7 
4 I iP 69 11.8 18.2 
23 40.4 48 5.6 
5 I 1.4 47.3 30.6 20.7 
29 1.3 64.1 26.6 7 
79-1 9-4 5.2 
6 4 :.3 64.9 33.1 11.8 
9 83.6 9g 
I 1.6 76 15.6 6.8 

4 
104 2.5 77.§ 23.2 6.8 
8 I 1.0 49.5 28.6 20.9 
43 §8.5 16.3 
9 4 3 62.2 24.2 10.6 
67 64.5 20.7 
1 2.5 43-3 33.6 20.3 
74 2 68.8 1g.§ a8 

11 I 6 14.9 12 

12 2 2.8 69 14.6 13.6 


* Reticulum cells and myeloblasts. 


Sternum (per cent) 


Total Total 
Cells | Pre- | Myeloidt | Mono. | Eryth- | 
Counted | CUrsers nuclearf roid § Counted 

412 
682 2.9 67.7 3-3 26.1 9S1 
381 
478 1.6 66 8.8 24.6 488 
455 

2.4 72 17.C 8.6 37 
404 
252 3.9 $7 g.1 3 714 
429 
282 26 16.4 29.3 694 
393 
484 61 13.4 24.1 §29 
348 3.9 14.1 24.4 41! 
429 

2.9 61.3 19.3 23.6 451 
44 2.5 46 1g.§ 31.2 566 
398 
358 2 3.4 12.2 32.4 $45 
§23 
459 1.9 8.5 30.3 54 
646 
444 3.2 § 13 34.8 254 
4381 
412 


+ Leukoblasts, promyelocytes, myelocytes, metamyelocytes, band forms and adult neutrophils. 


¢t Lymphocytes, monocytes, macrophages, and plasma cells. 


§ Pronormoblasts, basophilic, polychromatophilic and orthochromatic normoblasts. 


consecutive days a week. In some cases ther- 
apy was discontinued for a few days because of 
toxic symptoms (abdominal pain or diarrhea) or 
excessive vaginal bleeding. 

Radium in doses of 3,500 to 5,000 milligram 
hours was implanted by means of Ernst ap- 
plicators (Table 1). For this procedure the pa- 
tient was taken to the operating room and a 
general anesthetic (sodium pentothal) was used. 


RESULTS 

Bone Marrow. Quantitative values of the 
marrow aspirations are shown in Table 11. 
lhe partition of the differential of the bone 


marrow aspirations taken from these pa- 
tients is shown in Table 1 in chronologic 


order. As can be seen, the initial aspirations 
from the iliac crest were fairly consistent, 
indicating that samples obtained from this 
site were representative. 

A relative decrease in the erythrogenic 
cells and an increase in the mononuclear 
cells was noted as early as twelve days after 
the beginning of radiation therapy. The 
proportion of lymphocytes in the “mono- 
nuclear fraction” actually grew larger dur- 
ing the first nineteen days of radiation 
therapy. In later samples the number of 
lymphocytes regressed and the “mono- 
nuclear fraction” was composed predomi- 
nantly of monocytes, macrophages, and 
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PERCENT MARROW CELLS 


1-23 29-43 74-104 


Pre-F 
DAYS AFTER THERAPY STARTED 


MYELOID MONONUCLEAR 
ERYTHROID 
I=!ILIAC MARROW S=STERNAL MARROW 


Fic. 1. Proportions of cell types in the iliac and 
sternal marrow in 8 patients during and after 
roentgen therapy for carcinoma of the cervix. 
Proportions are averages of 8 cases in the pre- 
treatment period, 3 cases in the period 1-23 days, 
3 cases in the period 29-43 days and 2 cases in the 
period 74-104 days. 


plasma cells. Still later in the course of 
therapy the proportion of monocytes in the 
marrow near the site of irradiation in- 
creased as much as five times. 

After the roentgen therapy was discon- 
tinued, the proportion of erythrogenic cells 
increased, sometimes reaching levels above 
those found before irradiation was started. 
In only 1 case (Case 6) were the erythro- 
genic cells depressed ninety days after 
therapy was begun. Some fluctuations oc- 
curred in the proportion of myeloid cells 
but these changes were not as extensive. 

Figure 1 shows the contrast in propor- 
tions of marrow cells of 8 patients during 
the period of treatment (3 cases), the period 
immediately following cessation of therapy 
(3 cases), and the period six weeks after 
therapy had been discontinued (2 cases). 
The relative differences in the proportions 
of the three marrow elements in the marrow 
from the iliac crest contrast strongly with 
the proportions of these elements in the 
marrow obtained from the sternum. During 
the period immediately after therapy was 
discontinued there is a slight increase in 
erythroid cells and decrease in mono- 
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nuclear cells in the marrow obtained from 
the iliac crest. In the period six weeks after 
cessation of therapy both the erythroid and 
the mononuclear fractions more nearly ap- 
proach the proportions seen in the marrow 
prior to therapy. 


Fic. 2. Microscopic patterns of smears from first 
drop aspirated in Case 4. (a) Iliac crest before 
therapy, (4) iliac crest and (c) sternal marrow on 
23rd day after therapy was initiated. X 330. 
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In contrast to the changes occurring in 
the bone marrow adjacent to the site of 
irradiation, the sternal marrow aspirated 
at the same time was characterized by 
hypercellularity of all elements, with a 
pronounced rise in the proportion of eryth- 
rogenic cells and a decrease in the pro- 
portion of mononuclear cells (Fig. 1). No 
tumor cells were seen in any marrow sam- 
ple. 

Figure 2 shows the microscopic appear- 
ance of samples of bone marrow obtained 
from the sternum and from the iliac crests 
in 1 patient. The contrast between the 
samples of iliac and sternal marrow taken 
on the same day in the treatment period is 
most striking when the size of the marrow 
particles is compared. The material aspir- 
ated from the iliac crest contained a few 
fine particles and resembled peripheral 
blood in appearance, while that from the 
sternal marrow was thick and contained 
large particles up to 2 mm. in diameter. 

Peripheral Blood. In every case a fall in 
the white blood cell count below 5,000 cells 
per cubic millimeter occurred at some time 
during the period of treatment. A decrease 
in the absolute values for lymphocytes was 
noted within the first eight days, accom- 
panied by a decline in the number of adult 
neutrophils. Later in the course of therapy 
the absolute values for eosinophils tended 
to rise. Metamyelocytes were noted in small 
numbers in the peripheral blood of 11 of the 
patients, though the stage at which they 
appeared and disappeared was extremely 
variable. 

The decrease in absolute values for 
lymphocytes in the peripheral blood was 
prolonged. One case was followed spor- 
adically for three and a half months, and 4 
other cases were followed for six to eight 
months after completion of therapy, and in 
none of these did relative or absolute lym- 
phocytosis occur. 


DISCUSSION 
Denstad,* following a detailed study of 


the marrow during and after radiation 
therapy of patients suffering from a variety 


Effects of Irradiation of the Pelvis 265 


of malignant diseases, demonstrated 
changes of a hypoplastic-aplastic nature at 
the site of irradiation, but noted no de- 
finitive alterations of the bone marrow in 
areas distant from the irradiated sites. He 
emphasized the fact that the erythrogenic 
cells seemed to be highly sensitive to irradi- 
ation as judged by a decrease in the inci- 
dence of mitotic figures. It is of particular 
interest to note that at certain intervals the 
proportion of lymphocytes in the irradiated 
marrow increased, a finding duplicated in 
our series. 

Our studies indicate that the proportion 
of lymphocytes in the irradiated marrow is 
highest at the time when the absolute 
values for these cells in the peripheral blood 
show a marked decline. Denstad attributed 
this finding to the fact that specimens re- 
moved by aspiration are more often diluted 
with peripheral blood when the marrow is 
depleted, but there are other explanations 
which might be entertained. One alterna- 
tive hypothesis is that the damaged mar- 
row traps lymphocytes from the circula- 
tion. Such a possibility cannot be denied, as 
mechanisms of this nature have been ob- 
served in connection with the spleen™ and 
the lungs.® Secondly, it might be postulated 
that the lymphatic tissue, except for the 
small amount found in the bone mar- 
row,!*!%-4 is not affected by the inhibition 
of mitosis” caused by irradiation used 
under the conditions of this study. Thus, 
production of lymphocytes continues out- 
side the irradiated area and the pathologic 
pattern of repair is represented by the oc- 
currence of large numbers of lymphocytes 
from the peripheral blood in the damaged 
bone marrow. A third possibility is that the 
mechanism of the “alarm reaction” pro- 
duced by irradiation may be to favor redis- 
tribution rather than lysis of the circulating 
lymphocytes.” The co-existence of periph. 
eral lymphopenia and marrow lympho- 
cytosis might thus be explained by one or 
more of these mechanisms. 

The amount of radiation reaching the 
sternal marrow by “backscatter” from local 
irradiation to the pelvis is considered neg- 
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ligible. It is obvious, however, from the 
following that the sternal marrow was ir- 
radiated to some extent in these patients 
by the use of radium. Radiologists use 
the following formula for calculating the 
spread of irradiation when radium is used: 


8.4 r/mg. hr. Xmg. hr. 
Assuming the dis- 
distance? 


tance from symphysis pubis to the level of 
the sternal attachment of the second rib to 
be 25—35 cm., and dosage by local implanta- 
tion of radium to be 3,500 mg. hr., the 
amount of radiation reaching the site of 
sternal aspiration may be calculated as be- 
tween 14 and 26r. It has been shown that 
the hematopoietic effects of a small dose of 
radiation are apparent within minutes or 
hours,!°*4 and with the exception of 2 
patients in this study, marrow was aspir- 
ated from the sternum less than one hour 
after radium was implanted. The stimulat- 
ing effects of small amounts of radiation on 
the cells of the marrow has now been gen- 
erally discounted.?:’ Any observable effect, 
therefore, should be one of depression of 
cellular function. If such were present in 
this series it could not be discerned in the 
presence of the increased cellularity ob- 
served in marrow aspirated from the 
sternum. It would appear, then, that the 
contrast between the samples of marrow 
from the sternum and the iliac crest after 
irradiation in our cases is the result of com- 
pensatory and regenerative changes in the 
sternal marrow” in response to roentgen 
therapy directed at the pelvic region. 

The ability of the bone marrow to re- 
cover from the effects of this amount of 
radiation is apparently excellent. Even in 
the cases in whom irradiation extended be- 
yond the twenty-eight days usually required 
for this type of therapy, the erythrogenic 
cells in the marrow of the iliac crest showed 
a tendency to increase after cessation of 
treatment. At the same time the myeloid 
cells, while not greatly altered in proportion 
to the other marrow constituents, contin- 
ued to show an increase in the number of 
mature forms (Fig. 1). The compensatory 
effort on the part of sections of the marrow 
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organ distant from the site of irradiation 
must be considered as a potent factor in 
effecting the return of the peripheral blood 
to normal values. 

Peripheral Blood. In human subjects 
treated by roentgen therapy for various 
malignant conditions, Minot and Spurling" 
noted the following factors to be related to 
the greatest decrease of the white blood 
cells of the peripheral blood: (a) heavy 
doses of irradiation; (b) exposure of large 
surface area to roentgen rays; (c) the exist- 
ence of leukopenia prior to treatment, and 
(d) the use of a second course of irradiation 
before ‘‘complete recovery” takes place. 
They noted that recovery of the blood took 
place within four to six weeks. Kornblum 
and his associates’ concluded that the ana- 
tomical region irradiated as well as the 
amount of radiation given was of impor- 
tance in determining the effect on the white 
blood cells of the circulating blood. Al- 
though the possibility of transference of the 
effects of irradiation by means of the cir- 
culating blood was denied by Lawrence and 
his colleagues,® they state that at times in 
irradiated animals leukopenia seemed to oc- 
cur which was out of all proportion to the 
dose of roentgen therapy. 

In the 12 patients in this study the 
amount of radiation and the area of ex- 
posure were relatively constant. The dura- 
tion of therapy was longer than in any of 
the three groups reported by Minot and 
Spurling. Intervals between treatments 
with roentgen rays, radium, or both were 
never greater than three or four days. The 
effects upon the peripheral blood count 
seemed to be essentially the same whether 
roentgen therapy was used alone or com- 
bined with radium therapy. 

The rise in eosinophils observed during 
the third and fourth weeks after the in- 
stitution of therapy has been noted by pre- 
vious workers, but has not been satis- 
factorily explained. While there are other 
factors to be considered in evaluating this 
phenomenon, for example allergy and para- 
sitism, the eosinophilia must be attributed 
in part to the therapy itself. Selye’s” pres- 


Vern, 74, No. 2 
entation of the general adaptation syn- 
drome and the various responses of the 
body to stress has introduced entirely new 
concepts as possible explanations for the 
response of the blood to radiation therapy.”° 
Hormonal factors may be responsible for 
the so-called “distant” effects of localized 
roentgen therapy. In our cases the disturb- 
ances of endocrine balance caused by direct 
irradiation of the ovaries might well have 
affected the blood picture. 


SUMMARY AND CONCLUSIONS 


Twelve patients treated by radium and 
roentgen radiation for carcinoma of the 
cervix uteri were studied by means of mar- 
row aspirations from the sternal and iliac 
crest as well as by serial counts of the 
peripheral blood. Absolute leukopenia, 
neutropenia, and lymphopenia occurred in 
the peripheral blood and persisted for vari- 
able periods of time. Neither absolute nor 
relative lymphocytosis was observed in the 
peripheral blood at any time during or after 
the treatment period. 

Examinations of material aspirated from 
the marrow adjacent to the site of irradia- 
tion showed marked depletion of all the 
marrow elements while the samples from 
the sternal marrow exhibited increased 
cellularity. Early in the course of roentgen 
therapy there appears to be a transient 
lymphocytosis in the irradiated bone mar- 
row. 

In most cases evidences of recovery were 
demonstrated in the bone marrow from the 
irradiated area from twelve to eighty-four 
days after roentgen therapy had been dis- 
continued. 

Possible mechanisms for these findings 
are discussed. 


Lucile W. Hutaf¥, M.D. 
Bowman Gray School of Medicine 
Winston-Salem 7, North Carolina 
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COUNTERACTING THE ACUTE RADIATION SYN- 


DROME WITH CORTICOTROPIN (ACTH) 


By KENNETH W. 


TABER, M.D. 


Golden Clinic, Memorial General Hospital 


ELKINS, WEST VIRGINIA 


ORTICOTROPIN (ACTH)* has been 

effective in relieving radiation sick- 
ness, clinically, in human subjects, in the 
majority of cases, in at least five institu- 
tionst for several years regardless of con- 
flicting reports on animal experimentation 
during this period.?.?" A few of these pa- 
tients have been treated with radioactive 
isotopes or nitrogen mustard in lieu of 
roentgen therapy, and some of them re- 
ceived “grid therapy.’”'?9 A few cases 
of lymphoma effectively treated with 1o 
international units of ACTH have also been 
included in this report to further prove that 
these small doses are sufficient to produce 
results. The key to our success without ill 
effects is the use of small doses of ACTH 
in patients with functioning adrenals. 
have been treating radia- 
tion sickness successfully with doses of 
10 I.U. of corticotropin daily or thrice 
weekly without decreasing or discontinuing 
roentgen therapy when other methods of its 
treatment fail. Corticotropin need not be 
given before commencing roentgen therapy 
in order to be effective as do the bioflavi- 
noids.** Usually, corticotropin is started 
two weeks or more after the commencement 
of roentgen therapy. However, come 
noids were used in addition to ACTH i 
one patient in. preparation for and dain 
grid therapy, having previously received a 
full course of conventional therapy; while 
reticulose*’ was given in addition to ACTH 
during grid therapy to another patient who 


Since 1949, we 


also had previously received a full course of 


conventional roentgen therapy. 


ACTHAR (Armour). The ACTHAR for this study was pro- 
vided by the Armour Laboratories. 

t Orange arena’ Hospital, Orange, California; Emory Tumor 
Group, Los Angeles, California; North Orange County Clinic, 
Fullerton, California; Santa Ana Community Hospital, Santa 
Ana, Cal} tornia, and Golden Clinic, Memorial General Hospital, 
Elkins, West Virginia. 


THEORY 

In my preliminary report,’ the theory 
was discussed upon which I based my opin- 
ion that ACTH should relieve radiation 
sickness. I then tried it in humans and it 
relieved them of the ill effects of roentgen 
therapy. I believe that radiation sickness 
is “‘an alarm reaction” due to the “‘stress 
action” of roentgen rays and should be 
included under the designation of the 
“general adaptation syndrome” as the 
“stage of exhaustion.” Selye,”' Smith,” and 
others,’ now concur in this opinion. 
Therefore, ACTH or cortisone should be 
indicated. Corticotropin was selected in 
preference to cortisone because of produc- 
ing a more even and constant blood level 
and because it does not result in atrophy of 
the adrenal cortex.”® Furthermore, cortico- 
tropin stimulates the adrenal cortex to 
produce its entire spectrum of hormones of 
which cortisone is only one and it may not 
be the only one effective in relieving radia- 
tion sickness. Of course, when the adrenal 
cortex is insensitive, there is little benefit 
derived from trying to bring it back;? 
and Reiss”° has shown that hypothy roidism 
results in poor response of the adrenal cor- 
tex to ACTH. Cortisone should probably 
not be tried with roentgen therapy because 
of the possibility of operating synergistical- 
ly to alter the patient’s resistance to a vari- 
ety of infectious agents." 

Although no known single reaction is 
peculiarly specific for radiation injury, 
everyone knows that it is necessary to: 


1. Restore or maintain fluid and mineral balance 
despite the damaged gastrointestinal tract. 

. Maintain protein balance. 

. Restore the hematopoietic system. 

. Supply nutrients. 

. Minimize loss of blood and body fluids. 

6. Control infection by antibacterials. 
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It is now also well known that cortico- 
tropin accomplishes the first three of these 
if taken separately*'®:!7-19.51.34 except for 
the lymphopenia which it causes in larger 
doses. We have found that, in small doses, 
it also accomplishes all of the first three 
when found in combination as in radiation 
sickness without seriously affecting the 
lymphocytes; and overcomes the nausea 
and diarrhea so as to assist in supplying 
nutrients, besides. Furthermore, hyper- 
coagulability of the blood associated with 
the administration of ACTH has been ob- 
served,’ so that the control of infection by 
antibacterials appears to be the only fac- 
tor listed above which is not accomplished 
by corticotropin. Weakness, anorexia and 
fall in blood pressure are notably overcome 
by corticotropin” as we have also found in 
treating these signs and symptoms of radia- 
tion sickness. 

One month after my preliminary article 
was accepted for publication, Cosgriff and 
Kligerman‘ had an article accepted for the 
same journal, in which they reported a 
case of acute postirradiation pulmonary 
reaction successfully treated with ACTH 
and cortisone. Bluestein and Roemer! found 
cortisone valuable in combating radiation 
pneumonitis. Friedenberg and Rubenfeld® 
more recently have reported g patients 
given cortisone who did not develop 
pulmonary fibrosis in spite of intensive 
doses and observed subjective improve- 
ment. One of their patients received corti- 
sone for a severe reaction following irradia- 
tion and showed marked symptomatic 
improvement. 

It is my opinion that the ill effects of 
ACTH in fatally irradiated mice reported 
by others” are due to the larger doses of the 
hormone which they administered, adding 
insult to radiation injury of the lympho- 
cytes, etc. The important factor in treat- 
ment of radiation sickness with ACTH is 
the use of small dosages of this hormone. 


CASES SELECTED AND FACTORS USED 


Patients who are not relieved of their 
radiation sickness by the _ bioflavinoids,™ 
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reticulose®® or conventional methods of 


its treatment were given corticotropin. 
Only those patients exclusively treated with 
ACTH are included in this report. 

Bioflavinoids, when used, were started 
prior to radiation treatment and all of 
my patients were given kapseals of ABDEC, 
combex with vitamin C, thiamine chloride 
and pyridoxine or vitamin By: prior to and 
during radiation therapy and 50 milligrams 
of benadryl p.r.n. One was given the reticu- 
lose. When radiation sickness developed in 
spite of these measures, they were discon- 
tinued and corticotropin was administered. 
Most of the patients reported here received 
200 r (in air) or more of hard roentgen 
rays daily or thrice weekly through sizable 
fields over the torso totalling 2,000 r or 
more per field (in air). 


METHOD OF TREATMENT WITH CORTI- 
COTROPIN 

The first patients treated with cortico- 
tropin were given § I.U. intramuscularly 
either daily or thrice weekly. These injec- 
tions were ineffective but served as placebo 
controls for the favorable results subse- 
quently obtained by larger doses. This dose 
was doubled and all patients subsequently 
received 10 I.U. at each visit until the 
symptoms of radiation sickness disap- 
peared. The radiation therapy was never 
decreased or discontinued during the ad- 
ministration of corticotropin. Only one 
patient received testosterone for nitrogen 
balance because of repeated series of ACTH 
necessary due to her poor physical condi- 
tion at the beginning of the irradiation 
caused by the advancement of her malig- 
nant growth at that time. Corticotropin 
was discontinued as soon as the patients 
were relieved of their radiation sickness. 
Some of them received it intermittently, 
being relieved several days or weeks by 
one injection, or a short course of injec- 
tions, respectively. 


CONTRAINDICATIONS TO CORTICOTROPIN 


Although we have found no complica- 
tions attributable to corticotropin in these 


|| 
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small doses, we would not use them and 
would advise against their use in tubercu- 
losis, chronic arthritis with azotemia, acute 
psychosis, Cushing’s syndrome and active 
peptic ulcer. ACTH should be used with 
caution in the presence of infections other 
than tuberculosis, congestive heart failure, 


hypertension, mental disturbances and 
diabetes mellitus. 

The use of corticotropin in the presence 
of severe burns had been discouraged until 
Dr. M. James Whitelaw of Phoenix, Arizona, 
exhibited at the Fourth Annual Clinical 
Session of the American Medical Associa- 
tion on December 5, 1950, in the Cleveland 
Public Auditorium, a case of thermal burns 
involving 70 per cent of the body surface of 
a twenty-three year old male who was 
treated exclusively with corticotropin dur- 
ing the period of observation. Pinch homo- 
grafts were applied on the forty-third 
day to some of the burned areas with result- 
ing complete epithelization. Trusler e¢ a/.* 
use ACTH with skin grafting after burns 
and advocate it in spite of the fact that they 
recognize that susceptibility to generalized 
infection occasionally occurs. 

RESULTS 

Del Regato® states that the best way to 
deal with radiation sickness is to avoid it 
entirely! This is not possible while adminis- 
tering grid therapy, in our experience. 

Jenkinson” has found that ACTH re- 
lieves radiation sickness in 45 to $0 per 
cent of cases and reports spectacular re- 
sults in some patients. His experience with 
ACTH in radiation sickness has been fair; 
but he has had to use 25 mg. in some 
patients. Jenkinson has also used cortisone. 

Sosman*® was one of the first to try 
cortisone to relieve radiation sickness and 
states that his preliminary trial was im- 
pressive. However, when he instituted rigid 
controls he found that the good results were 
due to psychological factors and not due to 
the cortisone. 

Carpender? is using ACTH but has not 
yet analyzed his results. Vastine,** is also 
using ACTH and is favorably impressed 
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but has not had sufficient experience to 
have reached any definite conclusions. Cox® 
has used cortisone with “considerable 
help.” Porter’® is using cortisone and plans 
to publish the results of such treatment as 
soon as he can gather a sufficient series. 

The following named doctors have indi- 
cated in personal communications to me 
that they have found ACTH to relieve 
radiation sickness in the majority of cases 
so treated by them: 


USING IO I.U. OF ACTH PER TREAT- 

MENT DAY 

Goodrich, W. A., West Hartford, Conn. 

Romagosa, J. J., La Fayette, La. 

Young, G. E., Skowhegan, Me. 

Hartung, W., Davenport, Ia. 

Benesh, A. J., Seattle, Wash. 

Boice, R. H., Parkersburg, W. Va. 

Campbell, J. A., Indianapolis, Ind. 

Perisho, G., Quincy, Ill. 

Ogden, R. T., Hartford, Conn. 

Lewis, J. W., Colorado Springs, Colo. 

Williams, F. B., San Francisco, Calif. 

USING I§ TO 50 MG. PER DAY 

Berger, R. A. Davenport, Ia. 

Uhlmann, E. M., Chicago, III. 

Glaess, A. W., Freeport, Ill. 


Our results are shown in Chart 1 which 
indicates that most of the patients we have 
treated with corticotropin have been re- 
lieved of their radiation sickness by 10 I.U. 
intramuscularly, daily or thrice weekly, 
while roentgen therapy was continued. 
Some of them were relieved by three such 
injections while two required only a single 
injection of ACTH. A few required much 
more than this but were temporarily re- 
lieved by each injection, at least; and one of 
these was controlled for two weeks at a 
time by four or five injections of 10 L.U. 
each. Several patients died of their pri- 
mary disease while under treatment as 
shown by autopsy examinations. 

None of our patients developed clinical 
edema, rounded facies, psychic phenomena 
or electrolyte imbalance. The usual labora- 
tory procedures were carried out on most 
of these patients and many of them had 
their urine examined for 17-ketosteroids, 
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11-oxysteroids, creatinin, uric acid and 
glucose in the twenty-four hour specimen 
without showing alterations attributable 
to corticotropin. The fact that no appreci- 
able changes were found in the excretion 
studies was believed to be due to the small 
doses of corticotropin administered. There- 
fore, the special excretion studies were 
discontinued in the majority of cases re- 
ported herein. 
CONCLUSION 

The treatment of postirradiation injury 
with corticotropin in small doses is of value. 
Corticotropin in small doses should be in- 
cluded in the armamentarium of drugs used 
whenever radiation hazard exists, whether 
in the treatment of malignant conditions 
by roentgen radiation, in the use of radio- 
active isotopes or in fission bomb disasters. 
It has made it possible for us to administer 
radiation therapy more intensively and in 
much higher doses through a grid without 
unwarranted discomfort to the patient. 


Golden Clinic, Memorial 
General Hospital 
Elkins, West Virginia 


The Santa Ana Community Hospital initially 
made this study possible and has assisted in financ- 
ing it. The Armour Laboratories provided the Corti- 
cotropin used in this study. Dr. Clyde K. Emery of 
Los Angeles, Dr. Mildred Wehrly of the Orange 
County Hospital and Dr. Kenneth V. Powers of 
North Orange County Clinic have provided me with 
the summaries of case histories on the patients whom 
they have treated with ACTH in a similar routine 
to mine. Their cases are included in the accompany- 
ing chart which was largely prepared by Dr. Jack 
C. Gilbert who assisted me during part of this study. 
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A PHOTOGRAPHIC METHOD FOR MEASURING 
THE DISTRIBUTION OF DOSAGE FROM 
RADIUM NEEDLES AND PLAQUES 


By E. TOCHILIN 


Naval Radiological Defense Laboratory, San Francisco Naval Shipyard 


SAN FRANCISCO, CALIFORNIA 


HE distribution of radiation dosage 

surrounding a linear source of radium 
or a prescribed combination of sources can 
be derived mathematically. Various 
vestigators have prepared dosage tables 
and charts aimed at simplifying such math- 
ematical calculations. Paterson and Parker 
have constructed a dosage system for 
gamma-ray therapy which provides a uni- 
form distribution of dosage over a given 
area or volume whenever a specified geo- 
metrical distribution of radium is ob- 
served.’® By utilizing such schemes many 
of the routine problems of radium therapy 
can be efficiently handled without recourse 
to mathematical analysis. 

On the other hand, many problems are 
encountered which require an accurate 
physical method of determining the distri- 
bution of radiation dosage from radioactive 
sources. Although mathematical calcula- 
tions are completely adequate for any sim- 
ple geometric arrangement of sources, they 
become exceedingly laborious whenever a 
special distribution 1s required. 

With the construction of the automatic 
isodose recorder using a scintillation crystal 
as the gamma-ray detector, Hine and 
Friedman* were able to measure, physically, 
the radiation fields produced by various 
radium sources. Isodose curves obtained in 
this manner, were in good agreement with 
those constructed mathematically. How- 
ever, the distribution of dosage around the 
ends of various needles showed an asym- 
metrical pattern rather than the generally 
assumed symmetrical pattern. Such fields 
cannot readily be determined mathemati- 
cally because of the complex filtration 
problem involved. 

Thisreport describesa photographicmeth- 
od of measuring radiation fields surround- 
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ing any combination of radium sources. 
Such a technique offers one direct advan- 
tage in that it can readily be adapted to the 
dosimetry program of any radiotherapy de- 
partment. The outlay for necessary equip- 
ment is small, only a densitometer and 
standard darkroom facilities being required. 


EXPERIMENTAL APPARATUS 


All film exposures were made using East- 
man Type M industrial x-ray film. The 
films were developed for five minutes at 
68° KF. with Eastman Liquid Developer. 
Densities were measured with an Ansco 
color densitometer, Model 12. This densi- 
tometer, which utilizes a photomultiplier 
tube as a detector, measures densities to 
6.0. The instrument was modified by sub- 
stitution of an aperture of 0.01 cm. diame- 
ter for the one supplied with the instru- 
ment. Since the new aperture allows the 
measurement of density over a small (10~* 
cm.”) area, dose can be measured accur- 
ately even in regions close to the source, 
where the intensity fails off rapidly with 
distance. The maximum density that can 
be read using the new aperture is 3.0. 

Greening? has shown that an absorber 
thickness of 200 mg/cm.” is required to 
produce electron equilibrium when film 1s 
exposed to radium. Consequently, all ex- 
posures were made with the films enclosed 
in a Graflex 4 by ¢ inch film holder and 
sandwiched between two sheets of alumi- 
num 210 mg/cm.? thick. 

Three 4 by 6 cm. radium plaques were 
constructed and loaded with needles having 
an activity of 2.4 mg. radium and an active 
length of 2.0 cm. They were identical to the 
plaques for which Quimby’ calculated dos- 
age charts at various distances from the 
surface. 
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A. PLAQUE A 4X6 CM 
5 EQUAL NEEDLES 


B. FILM MEASUREMENTS 


NA 


QUIMBY’S DATA 


APPLICATORS 2 CM FROM SKIN 


Fic. 1. Comparison of photographic and theoretical 
dose distribution for Plaque A. 


EXPERIMENTAL RESULTS 


Figure 1 shows the distribution of dosage 
in air, 2 cm. from the surface of a plaque 
containing 5 radium needles (Plaque A). 
Results of the photographic measurements 
are compared with Quimby’s mathematical 
data. Figures 2B and 2C show the distribu- 
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tion of dosage measured at distances of 1 
cm. and 2 cm. from a plaque containing Io 
needles (Plaque B). Figures 2D and 2E 
show the distribution from the same plaque 
as calculated by Quimby. Figures 3A, 3C, 
3D, and 3E show a similar series of com- 
parison for another distribution of 10 
needles (Plaque C). 
DISCUSSION 

Although there is good agreement be- 
tween the film and mathematical measure- 
ments shown in Figures 1, 2, and 3, the 
photographic method of measuring the 
distribution of radiation dosage has certain 
limitations owing to: 

1. The energy dependence of film. 

2. The angular dependence of film. 

3. The error introduced into the density 
measurements by the use of a small densi- 
tometer aperture. 

These are discussed below. 

Energy Dependence of Film. The re- 
sponse of Eastman Type K and DuPont 
552 film to roentgen rays has been investi- 
gated by Storm’ over a range of energies 
extending from 0.005 to 10.0 mev., and 
found to be independent of energy from 0.4 
to 2.0 mev. The energy response of most 
roentgen-ray emulsions, including that of 
Eastman Type M film, is essentially that of 
the two films described. 

The effective energy of the complex 
gamma-ray spectrum from radium, filtered 
by 0.5 mm. Pt, is approximately 0.80 mev. 
Under any condition of scattering that de- 
grades the spectrum to an effective energy 
below 0.40 mev., the sensitivity of film will 
be increased. In a study of the distribution 
of dosage around a radium needle in alr, 
scattering is negligible and the energy de- 
pendence of film is of no consequence. If, 
however, measurements are made with the 
radium and film surrounded by tissue- 
equivalent material, scattering becomes 
important. At some distance from the 
source the energy will be degraded to a 
value for which the film sensitivity is in- 
creased. Whipple a/.° have compared 
film and ionization chamber measurements 
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A. PLAQUE B 4X6 CM 
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Fic. 2. Comparison of photographic and theoretical dose distribution for Plaque B. 


taken in phantom material. Complete served. However, in most cases measure- 
agreement between the two measurements ments of radiation contours surrounding 
was obtained to a distance of 10 cm. At 20 radium sources are restricted to distances 
cm. an increase of film sensitivity was ob- less than Io cm. 
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Angular Dependence of Photographic 
Film. Photographic blackening of film by 
roentgen rays or gamma rays varies with 
the angle of the incident radiation. Film 
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Fic. 3. Comparison of photographic and theoretical dose distribution for Plaque C. 


sensitivity is maximum when the rays are 
incident normal to the plane of the film (0° 
angular incidence) and decreases to a mini- 
mum as the rays become parallel to the 
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plane of the film (go° angular incidence). 


Greening’ has shown that the variation of 


blackening for any angle of incidence rela- 
tive to O° angular incidence is dependent 
upon the energy of the radiation and on the 
emulsion thickness. Variation of blackening 
with angle of incidence is greatest at inter- 
mediate energies where the general direc- 
tion of the secondary electrons is that of the 
roentgen or gamma rays producing them, 
and where the range of the electrons pro- 
duced approaches that of the emulsion 
thickness. For energies above and below 
this optimum value there is a small de- 
crease in angular sensitivity. 

The angular sensitivity of Type M film 
was investigated, using gamma rays from 
Co". The film was sandwiched between two 
cylinders of cardboard and exposed to a 
point source of radiation. Figure 4 shows the 
sensitivity of Type M film at angles of in- 
cidence up to go” relative to the sensitivity 
at o° incidence. The ratio of minimum to 
maximum sensitivity is 0.75. 

A measurement of maximum and mini- 
mum angular sensitivity of Type M film to 
radium was made by exposing two films 
simultaneously, one film resting directly 
beneath a radium needle, the other posi- 
tioned 4.5 cm. above. Density readings on 


both films at a source-to-film distance of 


4.5 cm. gave relative sensitivities of the film 
to radiation incident at angles of go° (lower 
film) and o° (upper film). The ratio of mini- 
mum to maximum sensitivity was found to 
be 0.77 


Thus, when making radium exposures 
using Type M film, maximum errors ap- 
> 1.0 
So.9 | 
> 08 } 

w 0.7 
4 
30 60 90 
ANGLE OF INCIDENCE (DEGREES) 
Fic. 4. Angular sensitivity of Eastman 


Type M industrial x-ray film. 
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Fic. 5. Photographically measured ionization as a 
function of distance from source at go° incidence 
(circles). The calculated ionization (solid curve) is 
shown for comparison. 

proi iching 30 per cent are possible if correc- 

tions for angular sensitivity are ignored. 

However, with careful planning of exposure 

conditions such errors can be kept low. 

It is possible to make accurate measure- 
ments of the distribution of dosage when 
the angle of incidence approaches go°. The 
curve in Figure 5 was obtained from 
Quimby’s theoretical calculation.’ Experi- 
mental points were obtained by positioning 
a radium needle of 1.2 cm. active length 
directly on the film. Density measurements 
were made at distances between 1.2 and 5.4 
cm. from the central axis of the needle. As 
can be seen from Figure 5, the experimental 
points agree with the calculated curve. 

Density Measurements with Small Aper- 
ture. In order to attain accuracy when 
measuring the rapid decrease of dosage sur- 
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Fic. 6. Reproducibility of photographic measure- 
ments. The solid and dotted isodose curves were 
obtained from two films exposed under identical 
conditions. 


rounding a source of radium, the area of 
film being densitometered must be kept to 
a minimum. There is, however, a lower 
limit to the size of aperture that can be 
used. The limiting factors are the amount 
of light that can reach the detector and ac- 
curacy required in the results. 

The problem associated with film black- 
ening is statistical in nature. The character- 
istic curve for photographic film (density 
plotted against the log of exposure) is sig- 
moid in shape, resembling the statistical 
curves obtained in mortality studies of bio- 
logical systems exposed to ionizing radia- 
tion. Film density is proportional to the 
number of silver grains developed per unit 
area of film. Maximum density occurs when 
all the grains present in the emulsion are 
developed. If, for example, the maximum 
density of a film is 10, then a density of 1 
indicates that 1o per cent of the grains 
present in the emulsion have been de- 
veloped. 

The variability of a single density meas- 
urement is dependent upon the number of 
silver grains developed within the area of 
the aperture used for making the measure- 
ment. For a given aperture size this vari- 
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TABLE | 


STANDARD DEVIATION OF SMALL 
AREA EXPOSURE 


(From Dudley!) 


Theoretical 
N peng Av. No. Relative 
elative Electrons/ Variation 
Density aration | 2% 19-6 (per cent 
(per cent) of mean)* 
0.40 3.6 3.0 3.8 
0.80 6.0 2.7 
1.56 
2 24.0 


+93 


® %o=100/4/N where N=average number of developed 


grains in area of 2.3X10 4cm?. 


ability or standard deviation (c) is given 
by: o=\/N, where N is the number of 
grains counted. The relative variation in 
per cent can be expressed as: 


or 


N VN 

Dudley! has measured the per cent rela- 
tive variation of a single density measure- 
ment obtained with an aperture of 
2.3X 10-4 cm.? Using Eastman No Screen 
x-ray film, a large number of measurements 
were made over an area uniformly black- 
ened by a predetermined exposure of elec- 
trons. The individual measurements pro- 
duced a gaussian distribution, for which 
the standard deviation was determined. 
Experimental measurements were com- 
pared with theoretical calculations based 
on the number of hits per unit area of film 
received by a specified electron exposure. 
Dudley’s data are listed in Table 1. 

The reproducibility of measurements 
using the aperture and techniques of this 
study can best be illustrated by reference 
to Figure 6, which shows isodose curves 
obtained from two films exposed under 
identical conditions, 1.3 cm. above a ra- 
dium source having an active length of 1.2 
cm. 

A further experiment was performed to 
determine differences in the radiation field 
encountered when exposures made in ait 


Om 


are compared with exposures made within 
a phantom of tissue-equivalent material. 
The phantom was made of slabs of tissue- 
equivalent wax.! The phantom material 
completely surrounded the film and radium 
plaque with a minimum thickness of 7 cm. 
of material. The distribution of dosage was 
measured in air and within the phantom 
material using Plaque B (Fig. 2) as the radi- 
ation source. Measurements were made in 
a plane 2 cm. above, and parallel to, 
Plaque B. No significant differences were 
observed between the two radiation fields 
obtained. The ionization in air was 3 per 
cent greater than the ionization measured 
within the phantom material. 


CONCLUSIONS 


Agreement between the film measure- 
ments of radiation dosage from radium 
sources and the corresponding mathemati- 
cal data is sufficiently good to justify use of 
the film technique. However, the limiting 
factors of photographic dosimetry should 
be carefully considered. For readings taken 
in air, the angular dependence of film would 
be the significant factor in limiting the ex- 
perimental accuracy of the measured re- 
sults. For measurements made in tissue- 
equivalent material, all readings should be 
restricted to distances less than 10 cm. 
from the source. Beyond this distance the 
gamma radiation is sufficiently degraded 
that an increased sensitivity of film is 
observed.* 
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(Wien paper describes the design of a 
room adapted for a cobalt 60 beam 
therapy unit, the results of a stray radia- 
tion survey around this installation, and 
the changes made as a result of the survey. 


DESCRIPTION OF COBALT 60 UNIT 
AND RADIATION 


The cobalt 60 unit as shown in Figure 1 
is that produced by the Atomic Energy of 
Canada, Limited. The cobalt head has 2 
degrees of freedom. It can be moved up and 
down and rotated about a horizontal axis 
from 5 degrees beyond the vertical to 10 de- 
grees above the horizontal. The largest 


Fic. 1. Cobalt unit. 


field is slightly greater than 20 by 20 sq. 
cm. at 80 cm. from the source. This limits 
the region which must be protected from 
direct radiation to a strip along the floor 
and wall toward which the beam is di- 
rected. 

The source is a cylinder of cobalt 60, 2.5 
cm. in diameter and I cm. thick, contained 
in a small steel “‘pill box.” This in turn is 
housed in lead within a stainless steel shell. 
(See cross section diagram of Fig. 2.) In 
front of the source is a conical container 
filled with mercury, which absorbs the 
radiation when the machine ts not used, but 
which is pumped out by remote control 
when the radiation is used. If the power 
should fail or someone should open the door 
to the therapy room, the mercury would 
run back into the container by gravity, 


VARIABLE TREATMENT 
DISTANCE CONTROL \ 


Fic. 2. Cross section of unit. 
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allowing the machine always to be safe. 

In its decay to nickel 60, cobalt gives off 
a low energy beta ray of 0.3 mev. and two 
lines of gamma radiation: a 1.17 mev. line 
and a 1.33 mev. line. The beta rays are 
either self-absorbed by the source or in the 
steel pill box. 

The gamma radiation is equivalent in 
penetration to the roentgen rays from a 2 
mev. roentgen-ray machine. The output of 
our unit was 32 r/min. at 80 cm. S.5.D. 
(source skin distance) at which we use it. 


DESIGN OF ROOM PROTECTION 


The machine was placed on one side of a 
13 by 21 ft. room so that it would be as far 
away as possible from the control room and 
would save part of an existing window (see 
Fig. 3). The portion of the room to the left 
of the machine was dressing and storage 
cubicles belonging to the 400 kv. room 
converted to accommodate a rotating plat- 
form with a bed on it. The radiation can be 
directed downward and outward. Since the 
floor of the room rests directly on the 
ground, a strip along the outside wall was 
the only area to be protected from direct 
radiation. 

By calculation from published tables, it 
was found that 3 feet of concrete on this 
wall should reduce the radiation to below 
6.25 mr/hr. or the “‘tolerance”’ level. The 
thickness of the existing outside wall was 
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Fic. 3. Floor plan of cobalt and adjoining rooms. 
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Kic. 4. Details of lead glass window. 


22 inches. The part in the path of the direct 
beam was built up to a thickness of 3 feet. 
It was made 4 feet wide and 8 feet high. 
This allowed a margin outside the field for 
the largest opening and the greatest angle. 
Four and a half feet of the outside wall is 
below ground level. The soil takes care of 
all the stray radiation when the beam is 
directed downward. 

The calculated thickness! necessary to 
reduce the scattered radiation varied from 
10 to 12 inches of concrete according to the 
angle of scatter. It was decided to build up 
all walls to a thickness of 12 inches of con- 
crete. A boring was made of the ceiling and 
this was found to be 18 inches thick with 
11 inches of concrete equivalent material. 
Nothing was added. 

Atomic Energy of Canada, Limited, rec- 
ommended a viewing window made of a 
special lead oxide glass known as Hi D 
glass,* which has a 55 per cent lead equiva- 
lent for Co® radiation. This window, 8 by 8 
inches and 2 inches thick, was placed in a 
specially designed lead box container 3 inch 
in thickness (Fig. 4). The index of refrac- 
tion of this glass is very high—1.98—and 
therefore, even through this small window, 
one can see almost the entire therapy room. 

A 1 inch steel sliding door was recom- 
mended between the cobalt room and the 


hall. 
METHOD OF SURVEY 


Three different kinds of survey instru- 
ments were used: an ionization type for 


* Hi D glass is produced by Penberthy Co. in Seattle, Wash- 


ington. 
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Fic. 5. Setup of cobalt 60 machine with phan- 
tom for getting scattered radiation. 


values in the 20 mr/hr. region and higher, 
a Geiger type for values below 20 mr/hr. 
and an ionization dosage meter for measure- 
ments inside the room. All these instru- 
ments were calibrated with a known ra- 
dium standard. For low value readings, 
correction was made for background radia- 
tion and zero adjustment. 

The setup for producing scattered radia- 
tion is shown in Figure 5 with the beam 
angled vertically downward. The _ presd- 
wood phantom is 30 cm. on an edge. The 
maximum opening, which gave a field of 20 
by 20 cm., was used throughout the survey. 

When an area like a wall or floor was to 
be surveyed, it was marked out in 50 cm. 
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Fic. 6. Stray radiation in mr/hr. on surface 
of cobalt unit. 
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squares, and readings were taken every 50 
cm. except in areas of rapid change. 


RESULTS 

The radiation on the surface of the cobalt 
unit itself is shown in Figure 6. The stray 
radiation was about I mr/hr. or less, except 
at the end of the drawer, which was pushed 
into the permanent unit from the dummy 
shipping container. Here the stray: radia- 
tion was 13.5 on one side and 21.5 on the 
opposite side. The figures in parentheses 
next to the lucite cone give the amount re- 
ceived when the diaphragm was wide open 
instead of open to only a 5 by § cm. port. 

In an attempt to find any defects in the 
cobalt housing which were not picked up by 
the survey meter, numbered films were 
wrapped around the unit and left for sixty- 
two hours. Only three areas of noticeable 
blackening were found: two on the opposite 
sides of the drawer and one over the dia- 
phragm opening 5 by 5 cm. square. The 
blackening on the front of the drawer over 
the company’s name plate is shown in 
Figure 7. In order to find what caused the 
five darkened circular areas, the name plate 
was removed. Corresponding to each dark- 
ened area a screw was found recessed into 
the housing" for almost a centimeter. The 
two darkest areas were directly in line with 


Fic. 7. Blackening on film left over front of 
cobalt drawer for 62 hours. 
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Fic. 8. Stray radiation in mr/hr. at floor level of 
area above the cobalt unit with the beam directed 
horizontally. 


the cobalt source. The others were above 
the cobalt. 

Room above Cobalt Unit. A careful survey 
was made of the room directly above the 
cobalt unit. The floor and a plane parallel to 
the floor at 50 cm. above it were surveyed 
with the beam directed vertically down on 
the phantom and also horizontally against 
the phantom. Figure 8 shows the stray 
radiation in mr/hr. at floor level for the 
beam directed horizontally. Note the elon- 
gation of the isostray lines in the direction 
of forward scatter. Figure g shows what 
was measured under the same conditions 
so cm. above the floor. For the most part, 
this is below 1 mr/hr. 

The stray radiation was measured with 
the diaphragm giving the maximum field 
and without the phantom in place. It was 


mt/hr above Cobalt Unit in Plane 50 cm. above 
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Fic. 9. Stray radiation in mr/hr. 50 cm. above the 
floor in area above the cobalt unit with beam direct- 
ed horizontally. 
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Fic. 10. Stray radiation in mr/hr. at floor level of 
area above cobalt unit when beam is directed 
vertically downward. 


found to be from two to seven times less 
than with the phantom. This was so be- 
cause the forward scatter from the phan- 
tom was greater and more penetrating than 
the back scatter from the cement wall. 

For the beam directed vertically down- 
ward the measurements are given in Figure 
10. The stray radiation varied from 0.02 
mr/hr. to 0.08 mr/hr., which is very little. 

Control Room. The location of the cobalt 
room in relation to the other rooms men- 
tioned in this survey can be seen by re- 
ferring to Figure 3. 

The results of measurement in the con- 
trol room are shown in Figures 11, 12 and 
13. When the beam was directed hori- 
zontally, the isostrays ran vertically, in- 
creasing in the direction of forward scatter 


mr/hr at Wall of Control Room, Beam Horizontal 
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Fic. 11. Stray radiation in mr/hr. at the wall of the 


control room with the beam directed horizontally 
before barrier wall was built. 
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mr/hr at Wall of Control Room without Barrier Wall 
Beam Vertica/ 
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Kic, 12. Stray radiation in mr/hr. at the wall of the 
control room with the beam directed vertically 
without the barrier wall. 


from 0.05 to o.§ mr/hr.; when the beam 
was directed vertically the isostrays were 
in a horizontal direction, ranging from 0.2 
to o.§ mr/hr. The personnel who occupied 
the control room and those who worked 
with the cobalt were monitored by means 
of direct reading pocket dosimeters and 
film badges. The average on the pocket 
dosimeters was 1 mr/day, which is only 
slightly higher than the natural leak of the 
instrument. The dosimeters of the physi- 
cists sometimes registered 2 mr/day. The 
film badges had less than a measurable 
amount in each two week period, which is 
less than 20 mr for this type of film badge. 

Note that less stray radiation got through 
the Hi D glass window than through the 
surrounding wall. The absorption of this 
window was measured, and the attenuation 
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200 Source 
& 1501. O15 ! 
~ 
lool. 
= 
50. 
50 100 150 200 250 
Distance along Floor, Cm. 


Fic. 13. Stray radiation in mr/hr. at the wall of the 
control room with the beam directed vertically 
after the barrier wall was built. 
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mt/hr at Wall of Superficial Therapy Room 
Beam Horizontal 
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Kic. 14. Stray radiation in mr/hr. at the wall of the 
superficial therapy room when the beam is di- 
rected horizontally. 


factor was found to be 500 when the beam 
was directed vertically downward. When 
the beam was directed horizontally, the 
attenuation factor was 3,800. The half 
value layer in copper of this scattered beam 
was found to be 4 mm., which would mean 
that the scattered radiation was equivalent 
to about 400 kv. radiation. That for the 
vertically directed beam was much harder. 

Superficial Therapy Room. The wall of 
the superficial therapy room is a continua- 
tion of the wall of the control room. The 
results of the survey are shown in Figures 
14, 15 and 16. One would expect that the 
isostrays when the beam was directed 
horizontally (Fig. 14) would have been 
higher here than in the control room, for 
the radiation scattered through a smaller 
angle struck this wall, and this radiation is 
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Fic. 15. Stray radiation in mr/hr. at the wall of the 
superficial therapy room when the beam is dl- 
rected vertically. 
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im/hr 200 cm. from Wall in Superficial Therapy Room 
Beam Horizontal 
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Fic. 16. Stray radiation in mr/hr. 200 cm. from wall 
of the superficial therapy room where technician 
might stand when the beam is directed horizon- 
tally. 


more penetrating and more intense. How- 
ever, this wall had 3 mm. of lead on it as 
part of the protection of the superficial 
therapy room. The isostrays were vertical 
in direction and increased in the direction 
of forward scatter up to a maximum of 0.4 
mr/hr. 

When the beam was directed vertically, 
the isostray values were lower and ran in a 
horizontal direction from 0.05 to 0.2 mr/hr. 

goo kv. Room. On the opposite side of the 
cobalt room from the superficial therapy 
room is the 400 kv. room. Figures 17, 18 and 
19 show the isostrays at the wall and 180 
cm. from the wall, where the 400 kv. tech- 
nician might stand. In Figure 17, with the 
beam directed vertically, the stray radia- 
tion on the left of the wall “through” the 
phantom is 0.1 mr/hr. and on the other side 
is 0.02 or less. This is so because here the 
radiation had to penetrate through two 12 
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200. 
§ 501 
~ 
or Less 
50, 

OL 1 1 
400 
Distance along Floor Cm. 

Fic. 17. Stray radiation in mr/hr. at the wall of the 


400 kv. room with beam directed vertically. 
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Kic. 18. Stray radiation in mr/hr. at the wall of the 
400 kv. room with the beam directed horizontally. 


inch walls of the closet adjoining the 400 
kv. room. The curves bring out what one 
should accept without reservation, that 24 
inches of concrete is more protective than 
12. 

At 180 cm. from the wall, the radiation 
was less except in the part of the plane 
parallel to the closet, where it was slightly 
higher, 0.05 mr/hr. compared to 0.oImr/hr. 
This was so because one was no longer 
directly in the shadow of the two thick- 
nesses of closet walls. 

Hall. The survey of the hall with the 
beam directed horizontally toward the op- 
posite wall is shown in Figure 20. There 
was very little stray radiation, 0.05 mr/hr., 
directly behind the machine. It was higher 
on either side; through the steel door it was 
higher than on the opposite side through 
the concrete although it was still below the 
permissible amount. 

When the beam was directed vertically, 
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Fic. 1g. Stray radiation in mr/hr. 180 cm. from the 
wall in the 400 kv. room with the beam directed 
horizontally. 
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mt/hr at Wall in Hall without Barrier Wall 
Beam Horizontal 


Door 
20 14 alo 
50 
400 500 


Distance along Floor, Cm. 


Fic. 20; Stray radiation in mr/hr. at the wall in hall 
without barrier wall when beam is directed hori- 
zontally. 


the stray radiation was much higher, as is 
seen in Figure 21. Here too, it was least be- 
hind the machine, 1 mr/hr., and greater on 
either side. Ten to 15 mr/hr. got through 
the 1 inch steel door. In an attempt to re- 
duce this, an experimental barrier wall was 
built of hollow cinder blocks. Each block, 
32 by g by 17 inches, was placed with the 
17 inch dimension in the path of the radia- 
tion so the stray radiation had to penetrate 
the four partitions, each about 1 inch thick, 
of the three-cell block. The wall was made 
5 feet high and 5 feet long. If it had been 
longer, the view from the control room 
window to the patient would have been ob- 
structed. One could not foretell whether 
such a short wall would have much effect 
on the stray radiation at the farther side of 
the door. The stray radiation through the 
door was remeasured and it was reduced by 
a factor ranging from 17 to 25, and “‘aver- 
age’ of 20. From Dixon’s curve! the 
amount of concrete necessary to reduce the 


mt/hr at Wall in Hall, Beam Vertical 


Do00r 

200. : 
§ 
~ 

rool. 
> 
(\ 


Distance along Floor, Cm. 


Fic. 21. Stray radiation in mr/hr. at the wall in hall 
without barrier wall with beam directed vertically. 
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m/hr at Wall in Hall with Permanent Barrier Wall 
Beam Vertical 
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Fic, 22. Stray radiation in mr/hr. at the wall in hall 
with permanent barrier wall beam directed verti- 
cally. 


scattered radiation by a factor of 20 was 
found to be 7 inches. The cinder block wall 
was removed and an 8 inch concrete wall 
was built. The reduction factor through the 


door ranged from 20 to 55. The survey of 


the wall in the hall with this permanent 
barrier is shown in Figure 22. At the door, 
the stray radiation was 0.3 to 0.4 mr/hr. 
instead of 10 to 15 mr/hr. 

A resurvey of the control room after the 
barrier wall was constructed, with the beam 
directed vertically, is shown in Figure 13. 
The radiation was decreased in the shadow 
of the barrier wall. 

Inside Cobalt Therapy Room. The stray 
radiation in a horizontal plane through the 
center of the phantom at 92 cm. from the 
floor with the beam directed vertically 
downward is shown in Figure 23. The stray 
radiation varied from 2,000 mr/hr. at 80 
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Fic. 23. Stray radiation in mr/hr. in cobalt room in a 
horizontal plane through the center of the phan- 
tom with the beam directed vertically. 
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Fig. 24. Stray radiation in mr/hr. in cobalt room ina 
horizontal plane through the center of the phan- 
tom with the beam directed horizontally. 


cm. from the phantom to 100 mr/hr. at 360 
cm. Note how the barrier wall changed the 
shape of the isostrays. The 300 to 500 
mr/hr. lines were changed to 15 to 50 
mr/hr. by the barrier wall. 

The stray radiation measured inside the 
cobalt room when the beam was directed 
horizontally is given in Figure 24. Here the 
scatter was in a forward direction, elongat- 
ing the isostray lines. The scatter near the 
door was about 20 mr/hr. 

Outside the Building Wall. On Figure 25 
is shown what was measured outside the 
building above ground level when the beam 
was directed horizontally toward this wall. 
All of this was stray radiation, for the upper 
edge of the field was 5 cm. below ground 
level. The large amounts—400 to 600 
mr/hr.—indicate what went through the 
window into an unoccupied garden. 

When the head was positioned so that 
the direct beam went through the wall 
above ground without the phantom in 
place, the direct radiation measured 4 
mr/hr. outside the building. 


DISCUSSION 


The design for the protection of each 
cobalt installation is an individual problem. 
However, certain conclusions can be drawn 
from our measurements and experience. 
The 12 inch concrete walls and ceiling are 
adequate for scattered radiation. The 8 by 
8 by 2 inch thick Hi D glass window offers 
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Fic. 25. Stray radiation in mr/hr. on 
wall outside building. 


adequate vision and excellent protection. 
The 3 foot outside wall is adequate for 
direct radiation. 

Whenever possible, it is advisable to use 
a concrete barrier maze near the door 
through which the patients enter. The 
stray radiation inside our steel door after 
the barrier wall was built measured be- 
tween 15 and 20 mr/hr. To reduce this by a 
factor of 10,! one needs 11 mm. of lead; to 
reduce the stray to 6.25 mr/hr., only 4 mm. 
of lead. An ordinary lead door would have 
been sufficient instead of an_ intricate 
motor-driven one. 

One might question the use of a Geiger 
tube survey instrument, calibrated with 
gamma rays for measuring stray radiation, 
and calling the result milliroentgens, since 
this type of instrument is wavelength de- 
pendent. The “soft” stray radiation meas- 
ured inside the room had a half-value layer 
of 4 mm. Cu, which would put its kilovolts 
range in the region of 400. According to the 
National Bureau of Standards,’ this par- 
ticular type of Geiger instrument may vary 
as much as 70 per cent between the goo kv. 
region and 1,200 kv. region. The radiation, 
however, which gets through the concrete 
is hardened and therefore the correction for 
the radiation measured outside the room is 
less. 

The Geiger survey meter used in this 
investigation was compared with a different 
“make” Geiger type survey meter, cali- 
brated independently at another labora- 
tory. OnXthe 0.2 scale the two instruments 
differed by 15 per cent when checked with 
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a radium standard and by Io per cent when 
exposed to the same stray radiation from 
the cobalt unit. Therefore, I think that the 
use of mr/hr. is justified provided one does 
not expect an accuracy greater than 30 to 
40 per cent from stray radiation measure- 
ments. 

The measurements in this paper were re- 
peated using the same instruments and did 
not vary more than Io per cent. 


SUMMARY 


1. The design of the protection for a 
room to house a cobalt 60 beam therapy 
unit with an output of 32 r per minute at 
80 cm. source skin distance is illustrated. 

2. Isostray curves are drawn for all oc- 
cupied areas, with the direct beam striking 
the scattering medium vertically or hori- 
zontally. 

3. Isostray curves are drawn for the 
scattered radiation inside the room, with 
the beam in the horizontal and in the verti- 
cal directions. These curves can serve as a 
guide in calculating the thickness of wall 
needed for protection at various distances 
from the cobalt unit. 

4. The attenuation factor through the 
special lead oxide glass window, known as 
Hi D glass, was measured for the beam 
scattered when the radiation was directed 
vertically against the phantom and hori- 
zontally, the scattering angle being dif- 
ferent in each case. It was found to be 3,800 
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for the scatter from the horizontal beam 
and s00 for the scatter from the vertical 
beam. The half-value layer of the former 
stray radiation measured 4 mm. Cu. 

5. To find how much protection a barrier 
wall would give to the steel door, an experi- 
mental wall was built of movable cinder 
blocks. The attentuation factor was meas- 
ured and found to be more than adequate. 

6. A barrier wall of concrete 8 inches 
thick was built. The attenuation of stray 
radiation was measured. It is recommended 
that where possible a maze of concrete be 
built leading to the entrance to the room. 
This obviates heavy and expensive doors. 


Lillian E. Jacobson 
Radiotherapy Department 
210th St. and Bainbridge Ave. 
New York 67, New York 
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THE INFLUENCE OF ROENTGEN IRRADIATION ON 
THE DEVELOPMENT OF THE EYE OF THE AXOLOTL* 


By V. V. 


BRUNST, Sc.D. 


Roswell Park Memorial Institute 


BUFFALO, NEW YORK 


INTRODUCTION 

N PREVIOUS work on local roentgen 

irradiation of parts of the body, a special 
sensitivity of particular organs was ob- 
served in some cases. For example, a special 
sensitivity to irradiation was observed in 
the enamel organs of teeth after local irradi- 
ation of the Jaws of young axolotls. In the 
head of axolotls the most sensitive parts 
were the eyes. 

The purpose of this paper is to describe 
the influence of local roentgen irradiation 
on the development of the eye of the young 
axolotl. A comparison will be made with 
the effect of roentgen treatment on the eyes 
of young mice and the significance of the 
data for practical roentgenology will be 
discussed. 

Desjardins'® gave an excellent review of 
the older literature concerning the influence 
of roentgen rays upon the eye. Chalu- 
pecky" irradiated a rabbit and concluded 
that roentgen rays cause severe destructive 
changes in the structures of conjunctiva, 
cornea and iris. Baermann and Linser! ir- 
radiated a cornea of a rabbit but the effect 
was not observed. Birch-Hirschfeld* ex- 
posed one eye of several rabbits. He de- 
scribed the necrosis and desquamation of 
the cornea and slight changes in the retina. 
Tribondeau and Récamier* described the 
influence of roentgen rays upon the de- 
velopment of the eye of a kitten three days 
after birth. They observed degeneration of 
the lens, but normal development of the 
layer of rods and cones, atrophy of internal 
granular layer and an intense proliferation 
of the external granular layer. Belley? 
studied the effect of local roentgen irradia- 
tion on the development of the eyes of new- 
born kittens. Cataract formation in the 
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lens and development of abnormal folds in 
the retina were observed. Tribondeau and 
Belley* observed in irradiated newborn 
kittens lens degeneration and formations of 
folds in outer layers of the anterior half of 
the retina. Von Hippel irradiated rabbits 
in utero and observed in many embryos the 
formation of bilateral cataract. Tribondeau 
and Lafargue* investigated the action of 
roentgen rays on the eye of adult animals 
and concluded that the fully developed eye 
is resistant to the radiation. Bossuet® ob- 
served the effect of roentgen rays on the 
lens of fetal, newborn, and adult guinea 
pigs, rabbits and dogs. He concluded that 
roentgen rays injure the growing lens of 
young animals much more than the lens of 
the adult. Pagenstecher* irradiated rabbits 
in utero and observed folds and rosette 
formation in the retina. Frogé!® exposed 
young rabbits (2-4 weeks old) to different 
doses of roentgen rays and observed various 
degrees of cataract formation and develop- 
ment of folds in the retina. Rados and 
Schinz® described the effect upon the eye of 
adult rabbits of a large dose of roentgen 
rays and concluded that this organ is very 
resistant to irradiation. (See also Rollet 
and Malot** and Hughes and Iliff.) The 
author of a recent review on the influence 
of roentgen rays upon the eye (Cogan") 
also concluded that the retina is very re- 
sistant as is the nervous system in general. 
Only in rare cases is it possible to see an 
effect of irradiation upon the retina of 
adult animals. Cogan thought that in these 
cases the primary damage occurred, not in 
the retinal cells, but in the blood vessels of 
the retina. The experiments, however, of 
Tribondeau and Belley,* Pagenstecher™ 
and Frogé!® described various types of 
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Fic. 1. (4) (B) Photographs showing the appearance of the animals of two experimental groups on the day of 
irradiation. (4) Younger group, treatment 9 days after hatching. (B) Older group, treatment 16 days after 
hatching. (C) An animal 35 days after irradiation of the anterior part of the head with 8,000 r (irradiation 
26 days after hatching). The suppression of development of the treated region is clear. (D) A control animal 
the same age as animal in (C) (£). An animal 26 days after irradiation of the left anterior portion of the 
head with 5,000 r (irradiation of left eye and surrounding tissue of animal 65 days after hatching). Differ- 
ence between left and right eyes is obvious. (F’) A medial section through the eye of an animal g days after 
hatching. Photomicrograph X106. (G) A medial section through the eye of an animal 16 days after hatch- 


ing. Photomicrograph X 106. 


c, cornea; L, lens; M, mesenchyma; P, pigment layer of choroid; R, retina. 


damage to retinal cells of young animals. 
Also Demel!’ has described rosette forma- 
tion and other damage to the retina of dogs 
treated when they were four days old. 
Birch-Hirschfeld* and Jacoby’ described 


degeneration of some of the ganglion cells 


and granular disintegration of the outer 
portion of the rods and cones layer in 
treated eyes. Spear* observed degeneration 
only in the “undifferentiated layers of the 
retina” in the eyes of rats irradiated two 
days after birth. Rugh*’*8 described a dis- 


Fic. 2. Inhibition of growth and development of eyes after roentgen irradiation. (4) The eye of an animal 58 
days after irradiation with 4,000 r (treatment 16 days after hatching). Photomicrograph 106. (B) The 
eye of an animal 68 days after irradiation with 4,000 r (treatment 16 days after hatching). Photomicro- 
graph X106. (C) The eye of control animal from the same spawning, 84 days after hatching. Photomicro- 


graph X106. 


c, cornea; Ec, eye cartilage; L, lens; p, pigment layer of choroid; R, retina. 
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arrangement of the retinal cells in 4mbély- 
stoma opacum after irradiation with 15,000 
r and “significant changes in the retina” of 
irradiated squid. Abelsdorff (see 
reported the disappearance of the layer of 
rods and cones after injecting into the eye 
an amount of thorium X equivalent to 0.1 
mg. or more of radium bromide. The paper 
of Lorenz and Dunn’ is especially interest- 
ing. These authors showed that the eye of 
newborn mice is very sensitive to roentgen 
irradiation. Even after treatment with rela- 
tively small doses (400 r) the layer of rods 
and cones disappeared. They compare the 
sensitivity of the eye of newborn mice with 
the well known sensitivity of gonads (see 
also Kosaka’*). 


MATERIALS AND METHODS 


One hundred and twenty-five axolotls (Sire- 
don mexicanum) were used for this investigation 
(75 animals were irradiated and 50 served as 
untreated controls). The doses varied from 
1,000 to 8,000 r and the ages of the animals on 
the day of treatment were from nine to sixty- 
five days after hatching. Most of the animals 
were treated with 4,000 to ,000 r at the age of 
nine to seventeen days after hatching (Fig. 1, 
A and B). 

The conditions of irradiation were as follows: 
3ma., §5 kv. (peak), no filter, 104 r per minute. 
The target-object distance was 10 cm. The ani- 
mals were anesthetized before irradiation by 
means of water solution of M.S. 222 tricaine 
methanesulfonate. The animals were shielded 
with a lead table made of 4 mm. lead sheet and 
having a localizer slit 4 mm. wide (see Brunst!®). 

The material was fixed in saturated solution 
of bichloride of mercury with 5 per cent acetic 
acid, and imbedded in paraffin. Frontal sec- 
tions were made at Io microns and stained with 
Ehrlich’s hematoxylin and eosin. 
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RESULTS 

Investigation of animals fixed on the day of 
irradiation showed that even the smallest ones 
(9 days after hatching) had differentiated and 
functional eyes (Fig. 1, F). The differentiation 
of the eye sixteen days after hatching is much 
further advanced (Fig. 1, G). 

The changes in coloration of the treated re- 
gion and the suppression of growth were obvious 
eighteen days after irradiation with 8,000 r and 
twenty six days after irradiation with 4,000 r. 
The difference between the treated and control 
animals thirty-five days after irradiation with 
8,000 r is clear (Fig. 1, C and D). Even after 
irradiation of one eye and the surrounding tis- 
sues on only one side of the head in animals 
sixty five days after hatching, the result of 
treatment was clearly seen very early. For 
example, the suppression of the development 
of the treated eye is evident twenty six days 
after such irradiation (Fig. 12). If the irradia- 
tion was administered to young animals and 
the dose of roentgen rays was large enough, the 
gradual disappearance of the eyes was observed 
in all cases. 

Microscopic examination of the eyes showed 
a great difference in size and structure between 
the treated and the control animals. This dif- 
ference was clear even in the cases where the 
effect of the irradiation was comparatively less 
drastic. In these animals the development of 
the eyes was greatly suppressed, but there was 
only partial destruction and disorganization 
of the eye component (Fig. 2). The inhibition 
of the development of the eye and also the 
comparatively large size of the cell are typical 
for the primary irradiation damage. For exam- 
ple, the cells of the cornea or retina are much 
larger in the treated animals than in controls 
(Fig. 2, 4, B and C). It is very possible that 
this phenomenon is closely related to the process 
of the formation of giant degenerating cells 
which is characteristic of irradiation damage in 


Fic. 3. Degeneration and reduction of the eyes after roentgen irradiation. (4) The eye of an animal 28 days 
after irradiation with 8,000 r (treatment 27 days after hatching). Photomicrograph X 106. (B) The rudi- 
ment of the eye of an animal 128 days after irradiation with 4,000 r (treatment 53 days after hatching). 
Photomicrograph X 106. (C) The rudiment of the eye of an animal 36 days after irradiation with 8,000 r 
(treatment 26 days after hatching; see Fig. 1C). Photomicrograph 106. (D) and (E). The rudiments of 
the eyes of an animal 178 days after irradiation with 4,000 r (treatment 53 days after hatching). Photo- 


micrograph X 106. 


Cc, cornea; EC, eye cartilage; L, lens; p, pigment layer of choroid or accumulation of pigment cells; R, retina. 
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general (Cramer, Helwig,” Torrioli and Fior- 
entini,” Pietschmann,* Dererer,'® Luther,*? Las- 
nitzki,?® Hall and Friedman,” Brunst,®7 Brunst, 
Barnett and Figge,® Schneller,“! Harrington and 
Koza, Brunst, Sheremetieva-Brunst and 
Figge,!! Rugh, Levy and Sapadin**). Obviously, 
the ability of cells for multiplication is sup- 
pressed by roentgen treatment, but during this 
period the metabolism may be only partially 
suppressed and the cells continue to grow and 
reach a comparatively large or even giant size. 
At the same time, however, the most sensitive 
cells had died and disappeared completely. The 
destruction of some cells in the retina is 
especially clear in the photomicrographs of sec- 
tions through the eyes fifty-eight and sixty- 
eight days after irradiation with 4,coo r (Fig. 2, 
A and B). It is obvious that most of the rod and 
cone cells had disappeared. 

The pigment cells of choroid always react in 
a typical way to irradiation of the eye. Soon 


after irradiation, abnormal accumulation of 


pigment cells was observed in the anterior 
portion of the retina and the iris near the lens 
(Figs. 2, 4 and B and 3 4). The pigment cells 
are the most resistant cells in the eye and 
therefore they do not decrease in number even 
during the complete degeneration of the eye 
after roentgen treatment. They do, however, 
change their shape. Instead of showing their 
typical form with numerous processes they be- 
come in most cases globular. Such an appear- 
ance of pigment cells is characteristic of irra- 
diated tissues in general and was observed in 
almost all investigations (see Brunst,*? Brunst, 
Barnett and Figge®). But after such changes, 
the degenerative pigment cells in most cases dis- 
appeared completely. Such a disappearance 
of pigment cells was observed in the skin region 
of the anterior part of the head twenty-eight 
days after irradiation. However, in the eye 
these pigment cells never disappeared com- 
pletely, but were concentrated in the center of 
the eye. This process of concentration of all 
pigment cells appeared exaggerated because of 
the simultaneous degeneration of all other 
components of the eye. Thus, after complete 
reduction, the rudiments of the eye consist 
only of a concentrated accumulation of pigment 
cells (Fig. 3, B, C, D and E). It is noteworthy 
that these pigmentary rudiments of the eye 
when observed long after the irradiation do not 
undergo further change (Fig. 3, D and £). It is 
interesting to compare this resistance of pig- 
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mentary eye rudiments with the reduction of 
teeth, which disappeared very quickly after 
irradiation. One hundred days after treatment 
it was impossible to find in the irradiated jaw 
of the axolotl any remnants or rudiments of 
teeth (Brunst, Sheremetieva-Brunst and 
Figge!’). 

The damage to the lens was observed at the 
time of the primary changes in the eye after 
roentgen treatment. The lens in some instances 
was very large (Fig. 3 4), but this was obvi- 
ously the result of degenerative hypertrophy of 
the surface cells of the lens. Later the lens often 
became reduced in size, in some cases took a 
central position in the eye (Fig. 3D) and grad- 
ually completely disappeared (Fig. 3, B and C). 

It was mentioned that the retina contained 
some of the most radiosensitive cells, which 
disappeared in some cases as early as eighteen 
days after treatment. It is very interesting that 
in some instances the eyes were only slightly 
damaged by irradiation and the retina at low 
magnification appeared almost normal (Fig. 
44). This was observed when a comparatively 
small dose (2,000 r) was given or if irradiation 
was administered to relatively old and large 
animals (for example, 65 days after hatching). 
But the photomicrograph of the same retina 
at high magnification shows clearly that the 
layer of rods and cones is greatly reduced (Fig. 
4B). This is especially evident from a compari- 
son of this picture with a photomicrograph of a 
normal retina of a control animal taken at the 
same magnification (Fig. 4C). After irradiation 
of young animals with larger doses (4,000- 
5,000 r) there is almost a complete absence of 
the layer of rods and cones. This is evident 
from the photomicrographs (Fig. 4D and Fig. 
6B). In all cases the rods and cones layer dis- 
appeared first, and consequently it is clear 
that this layer in animals of this age is the most 
sensitive to roentgen irradiation. In the final 
postirradiation degeneration only a_ small 
rudiment of the retina sometimes remained 
(Fig. 3B) or the cells of the retina disappeared 
entirely (Fig. 3, C and D) and the rudiments of 
the eyes consisted mainly of degenerated pig- 
ment cells. 

The mechanism of such a rapid disappearance 
of almost all parts of the eye after roentgen ir- 
radiation is not entirely clear. According to 
our previous observations, in all cases of rapid 
reduction of irradiated parts the phagocytic 
activity of giant cells (macrophages) were im- 
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Fic. 4. The influence of roentgen irradiation upon the structure of the retina. (4) The eye of an animal 29 
days after irradiation with 5,000 r (treatment 65 days after hatching; see Fig. 1£). Photomicrograph X 106. 
(B) The retina of the eye shown in (4). The rods and cones layer (RC) almost absent. Photomicrograph 
x 500. (C) The retina of a control animal fixed 61 days after hatching. Photomicrograph X 500. (D) The ret- 
ina of an animal 36 days after irradiation with 5,000 r and 53 days after hatching. The rods and cones layer 
greatly reduced. Photomicrograph X 500. 

c, cornea; L, lens; N, nuclear layers of the retina; p, pigment layer of choroid; rc, rods and cones layer 
of the retina. 


Vor. 73, No. 2 287 
‘ Ler — 
| 
—= 
‘De 
) a 
§ 


Fic. 5. (4) Frontal section through the head of animal 55 days after irradiation with 4,000 r and 70 days 
after hatching (treatment 15 days after hatching). General picture of penetration of macrophages into the 
eye. Photomicrograph X 106. c, cornea; M, macrophages; Pp, pigment layer of choroid; r, retina. (B) Frontal 
section through the head of the same animal as that in (A). Macrophages near the eye. Photomicrograph 
X 500. E, epithelium; M, macrophages; Pp, pigment cells. (C) Frontal section through the head of the same 
wipes as that in (4). Penetration of macrophages into the eye. Photomicrograph X 500. m, macrophages; 

>», pigment cells; rR, retinal cells. (D) Frontal section through the head of animal 27 days after irradiation 
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portant (Brunst,*® Brunst, Sheremetieva-Brunst 
and Figge!!). Probably this is true for the pres- 
ent material also. Numerous observations have 
shown that the macrophages were very active 
during the primary acute reaction in the ir- 
radiated head (Fig. 5D). In some cases the 
macrophages were observed near and even 
penetrating into the eye rudiment (Fig. 5, 4, 
B, and C). Isolated macrophages were observed 
near the eye rudiment not only during the pri- 
mary acute reaction but even long after the end 
of this period (Fig. 5, and F). 


DISCUSSION 


It would be desirable to know the factors 
responsible for such special sensitivity of 
the eyes to roentgen irradiation. 

The microscopic examination of the eyes 
taken from the animals of various ages 
showed that a great difference exists be- 
tween the eyes at various stages of develop- 
ment. The great contrast between the 
structure of the retinas of normal animals 
nine and 220 days after hatching can be 
seen on the photomicrographs (Fig. 6, 
A and C). The eyes of an animal nine days 
after hatching have a retina in the early 
stages of differentiation. The rods and 
cones layer and choroid are very thin (Fig. 
64). The eye cartilage, typical of the adult 
eye of the axolotl (Fig. 6C), is absent in an 
animal nine days after hatching. In spite of 
the similarity of the retina of an animal 
sixteen days after hatching (Fig. 1G) to 
that of an adult animal, a great difference 
was observed in the structure and thickness 
of the choroid and of the eye cartilage. In 
the cells of the retina of such sixteen day 
old animals mitotic figures were observed. 
It is noteworthy that instead of differenti- 
ated loose connective tissue, near the eye of 
the animal of this age, typical embryonic 
mesenchyme was observed (Fig. 1G). 
These observations justify the conclusion 
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that the eyes of animals used for this in- 
vestigation are organs in the process of dif- 
ferentiation and active growth and are, 
therefore, according to the law of Bergonié 
and Tribondeau,* sensitive to roentgen 
irradiation. 

It is interesting that Lorenz and Dunn*® 
reached the same conclusion. They de- 
scribed a special sensitivity to roentgen 
treatment of the eyes of newborn mice, and 
concluded that the tissues of the eye in the 
newborn mouse are in the process of active 
growth and differentiation and therefore, 
sensitive to irradiation. It is interesting, 
however, that they observed no damage to 
the eyes after irradiation of mice two 
months old. Also Lorenz and co-workers*! 
observed the effect on the eyes after roent- 
gen irradiation of adult mice, guinea pigs or 
rabbits of three to five months of age, in 
spite of the fact that doses were between 
6,000 and 12,000 r. If we compare with this 
the effect of the relatively small doses (400 
r) in newborn mice which completely de- 
stroyed the layer of rods and cones, the 
importance of the age factor in biological 
effect of roentgen irradiation will be clear. 
The results of Lorenz and Dunn* have thus 
been confirmed by other observations 
(Brunst and Figge'?) According to these, 
after irradiation of mice one to three days 
old with 3,000 r, clear evidence of damage 
was observed only in the retina of treated 
eyes in which the layer of rods and ccnes 
was completely destroyed and the nuclear 
layers were greatly reduced in thickness. 
Similar observations have been made by 
Vogel (personal communication). These 
observations show that the sensitivity of 
the retina and especially the rods and cones 
layers in the retina is a phenomenon not 
restricted to amphibia. 

In general, if we compare the sensitivity 


with 8,000 r and §5§ days after hatching. Large macrophages (M) in connective tissue of treated region of 
head. Photomicrograph X00. (£) Frontal section through the head of animal 83 days after irradiation 
with 4,000 r and 97 days after hatching (treatment 14 days after hatching). A macrophage near the eye. 


Photomicrograph X106. E, epithelium; 


macrophage; p, pigment layer of choroid; k, retina. (F’) The 


same section as that in (£). cr, connective tissue cell (fibroblast); Ec, eye cartilage; M, macrophage near 


eye cartilage. Photomicrograph X 500. 
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to roentgen rays of amphibia, on the one 
hand, and mammals and men, on the other, 
it is clear that, in any case, the radiation 
sensitivity of warm-blooded animals will be 
less than the sensitivity of cold-blooded 
animals, and adults far less sensitive than 
young individuals. According to Cogan," 
the eyes of men irradiated with large doses 
(4,000 to 6,000 r) for treatment of naso- 
pharyngeal tumor showed lesions in the 
cornea of the eye. He did not observe any 
pronounced damage in the layers of the 
retina of adults. 

It would be interesting to study the ocu- 
lar defects in patients of various ages who 
receive similar radiation treatments involv- 
ing the eyes. There is the possibility that 
the cause of some cases of failure of vision 
would be discovered. Such defective vision 
would be more likely in children receiving 
relatively large doses to the eyes. In the 
case of the human embryo, even small 
doses may cause subtle undetected changes 
in the retina which would become evident 
years later in the form of a visual defect. 
This would suggest careful study of human 
subjects who have received radiation dur- 
ing intrauterine development to look for 
possible radiation-induced visual defects. 
For this and other reasons, it is necessary 
to agree with Russell and Russell*® that 
even the small doses which pregnant wom- 
en receive during diagnostic roentgenos- 
copy may cause subtle developmental al- 
terations which in human being would be 
important (see also Hicks,” Job, Leibold 
and Fitzmaurice,”’” Wilson, Jordan and 
Brent*®). 

In spite of more than fifty years of prac- 
tical use of roentgen rays in medicine, our 
knowledge of the biolcgical effects of irradi- 
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ation is limited, and therefore further in- 
vestigations in this field are necessary and 
important. 


SUMMARY 


Most of the seventy-five axolotls used in 
this investigation were irradiated locally 
with 4,000 to 5,000 roentgens at the age of 
nine to seventeen days after hatching. 

In the irradiated eyes there was ob- 
served, not only an arrest of the develop- 
ment and growth, but the cells of the 
cornea and retina were comparatively 
large. Probably this phenomenon is similar 
to the process of the formation of giant de- 
generating cells which is typical for irradia- 
tion damage in general. At the same time, 
however, the most radiation sensitive cells 
had been killed and had disappeared com- 
pletely. 

The great resistance of the pigment cells 
of choroid was obvious and was observed in 
all cases. These cells were concentrated at 
the center of the eye because of the simul- 
taneous degeneration of other components. 
Therefore, the rudiments of some of the 
eyes consisted only of pigment cells. Such 
rudiments never disappeared entirely. 

The cells of the retina are the most sensi- 
tive to irradiation. In some eyes only 
slightly damaged by irradiation, the rods 
and cones layer was greatly reduced. After 
irradiation with larger doses, it was obvious 
that there was almost a complete absence 
of the rods and cones layer. This layer is 
the most sensitive part of the retina to 
roentgen irradiation. 

This great sensitivity of the retina to ir- 
radiation is not limited to amphibia. This 
is evident both from the papers of Lorenz 
and Dunn* and from our own observations 


Fic. 6. The structure of a normal retina in animals of various ages and of an irradiated retina in an experi- 
mental animal. (4) Structure of the retina of normal animal 9 days after hatching. Photomicrograph 
x 500. (B) Structure of the retina of an animal ¢5 days after irradiation with 4,000 r (fixed 70 days after 
hatching). The rods and cones layer greatly reduced. Photomicrograph X 500. (C) Structure of the retina 
of a normal animal 220 days after hatching. Photomicrograph X 500. 

c, eye cartilage; 1, lens; N, nuclear layers of the retina; p, pigment cells of choroid; Rc, rods and cones 


layer of the retina. 
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on the radiation sensitivity of the retina of 
young mice (Brunst and Figge'’) in which 
the rods and cones layer likewise exhibited 
the greatest sensitivity. 


This hypersensitivity of the rods and 


cones layer to roentgen irradiation was thus 


found in 


both warm-blooded and cold- 


blooded animals. The practical significance 
of these observations as they may apply to 
the human subject has been discussed. 


Roswell Park Memorial Institute 


Buffalo 3, New York 


The author wishes to express his appreciation to 
Dr. F. H. J. Figge of the University of Maryland for 
his assistance during the preparation of this manu- 
script. 
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PARTIAL BODY IRRADIATION OF THE RAT 
WITH 190 MEV. DEUTERONS*+ 


By M. N. SWIFT, V. P. BOND, and S. T. TAKETA 
U. 8. Naval Radiological Defense Laboratory 
SAN FRANCISCO, CALIFORNIA 
H. O. ANGER and J. A. SAYEG 
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ee high energy deuteron 
beam will traverse the width of a rat 
and provide essentially uniform dosage 
along its path through the animal. Lateral 
scatter from the beam is negligible;’ hence 
small cylindrical volumes of tissue can be 
irradiated uniformly with virtually no 
background dose given to the surrounding 
structures. In the experiments reported 
here, the effects of single doses of such radi- 
ation delivered to various anatomical 
regions of the rat were investigated. 


EXPERIMENTAL PROCEDURE 


High energy (190 mev.) deuterons from the 
184 inch cyclotron located on the Berkeley 
Campus of the University of California were 
focused into a parallel beam and allowed to 
enter an irradiation room through a small cir- 
cular aperture (Fig. 1). The beam traversed 
the desired portion of the immobilized animal, 
placed approximately 25 inches beyond the 
aperture. Physical characteristics of the beam, 
and calibration data, have been presented in 
detail previously. Beams of or inch diam- 
eter were used. Doses are expressed in rep 
units (1 rep =93 ergs/gram). The doses referred 
to in this paper correspond to the specific energy 
transfer? and are average dose values for the 
center portion of the beam. The rate of energy 
loss of the deuterons was approximately 7.5 
mev/g/cm.? at the point of entry and about 8.5 
mev/g/cm.? at the point of exit from the animal 
body. Dose rates varied from 1,000 to 3,000 
rep/min. The degree of scatter of the beam is 
indicated by the doubly exposed roentgen film 
shown in Figure 2. A lateral roentgenogram of 
a rat was taken, followed by lateral exposure to 


the deuteron beam with the relative positions of 
animal and film unchanged. The circular white 
area, about } inch in diameter, represents the 
effective diameter of the 3 inch beam after 
traversing the body of the rat. The increase in 
width is due to multiple elastic scattering. 
Clearness of the appearance elsewhere (beam 
exposure of about 200 rep) indicates the low 
degree of scattered radiation in the remainder 
of the rat. Radiation which scattered outside 
the beam was composed chiefly of fast neutrons 
and amounted to only o.§ per cent of the dosage 
within the beam. 

The biological effectiveness of 190 mev. deu- 
terons relative to roentgen rays was reported 
previously to be unity.’ This value was con- 
firmed in the course of the present experiments, 
using acute mortality following total body 
roentgen irradiation of C57 mice as the crite- 
rion. 

Approximately 600 young adult male Sprague- 
Dawley rats were used in these experiments. An 
effort was made to obtain rats of uniform size 
for a given experiment; in some instances, how- 
ever, weights varied over a maximum range of 
75 grams. Rats that weighed less than 220 
grams were not used. In the majority of experi- 
ments, animals were deprived of food approxi- 
mately twenty-four hours prior to exposure. 

For irradiation, each animal was restrained 
with masking tape in the supine position on a 
plywood board the length and width of the rat. 
No anesthesia was employed. Target sites were 
located with reference to the easily palpable 
xiphoid cartilage. The centers of the various 
target sites were determined from this point of 
reference and marked on the tape covering the 
animal. Designation and location of the centers 
of these sites with respect to the lower border 


* This work was supported, in part, by funds provided by the Bureau of Medicine and Surgery of the U. S. Navy Department and 


by the Atomic Energy Commission. 


t The opinions and assertions contained in this report are the private ones of the writers and are not to be construed as official or 


reflecting the views of the Navy Department or the naval service at large. (Article 1252, U. S. Navy Regulations, 1948.) 
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of the xiphoid cartilage are indicated in Table 1. 
In order to determine the amounts of tissues 
exposed in the beam, rats immobilized as if 
for irradiation were “quick frozen”” by immer- 
sion in an acetone-dry ice mixture. Cylindrical 
volumes of tissue corresponding to the various 
irradiation sites were then excised and weighed 
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Partial Body Irradiation of the Rat 


BEAM CENTERING 
1ON CHAMBER 


aa BEAM APERTURE 


RAT HOLDER 


PHOTOGRAPHIC 
PLATE 


Designation 
of Region 


Upper 
abdomen 


Middle 


b 


abdomen 


Lower 


abdomen 


Stomach 


Duodenum 


Adrenals 


Chest 


| 


ALUMINUM FOIL 


10N 


TELESCOPE 


DOSE MONITOR 


CHAMBER 


Fic. 1. Experimental set-up for deuteron irradiation of the rat. 


TABLE I 


of at least 


(Table 1). Each value given is the mean of those 
10 animals that were fasted for 
twenty-four hours before sacrifice. Considerable 
variation in the amounts of total and gastro- 
intestinal tissue in the sites is indicated by the 
large standard errors obtained. The total weight 
of gastrointestinal tissue in rats of the size used 


BODY REGIONS SUBJECTED TO DEUTERON IRRADIATION 


Type of 
Exposure 


Lateral 
La 
Lateral 
Antero- 


posterior 


Antero- 
posterior 


Lateral 


Lateral 


® Exclusive of gut contents. 
Standard error of the mean. 


Location with 
Respect to 
Lower Border 


of Xiphoid 
Cartilage Grams 
1 cm. caudad 10.6 
+b 
2 cm. caudad 10.2 
O.1 
3 em. caudad 9.8 
0.5 cm. caudad; 4-9 
1 cm. to left 0.3 
I cm. caudad; 5.6 
0.§ cm. to right 0.2 
See text 10.6 
1.4 
4 cm. cephalad 9.6 


Total Weight of 
Tissue in Beam 


Per cen 
body 

weight 


| 


4-4 


Weight of Gastro- 
intestinal Tissue 
in Beam®* 


t Per cent 
Grams body 
weight 
bat 0.54 
0.92 
Sal 0.70 
0.1 
0.4 C.1§ 
0.0§ 
0.2 0.08 
0.3 
Oo 
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3-9 


Fic. 2. Roentgenogram of mid pertion of rat in posi- 
tion for lateral irradiation with the deuteron beam. 
Circular white spot indicates the path of the beam. 


in these experiments is approximately 9 grams. 
“Adrenal” exposures weré made by allowing 
the beam to enter the animal’s left side, with 
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the target center 2.6 cm. caudad to the xiphoid 
cartilage and 0.§ cm. anterior to the restraining 
board, and to pass obliquely through the rat at 
an angle of 65° with its long axis. Frozen section 
data indicated that both adrenals were included 
in the region thus described in over 75 per cent 
of the animals. 

A single animal was irradiated at a time. 
Doses used are indicated in Table 11. The time 
of exposure varied from approximately one to 
four minutes. Animals were transported by car 
from the U. S. Naval Radiological Defense 
Laboratory (USNRDL) to the cyclotron (20 
miles) on the day of irradiation, and were re- 
turned to the Laboratory on the same day. Rats 
were weighed at frequent intervals and ob- 
served for signs of illness and mortality for at 
least thirty days. Gross pathological changes 
were noted at necropsy in animals dying within 
thirty days, and in several groups of survivors 
sacrificed at intervals up to 240 days post- 
irradiation. Microscopic pathology was not 
included in the present study. The pathology 
of late bowel lesions observed in deuteron ir- 
radiated rats has been reported previously.” 


TABLE II 


SUMMARY OF EXPERIMENTS 


Beam Dose or Number of | Mean Body 
Site | Experiment Number of 
i ; Diameter Dose Range ‘ Rats per Weight Mortality (j0 days) 
Irradiated Nun ber Doses 
(in.) (rep) Dose (gm.) 
Upper | c 5 I 836-2 ,484 2 10 385 No deaths 
abdomen 6 ; I ,620-3 , 240 5 7 232 72 per cent or greater in 
all dose groups® 
8 ; 864-2 ,052 6 5 224 Approx. LDso, 1,500 rep 
Middle 2 3 2,160-2,810 4 7 343 14 to 68 per cent® 
abdomen 2 3 I ,404-3,024 8 7 241 Approx. LDso, 2,000 rep 
6 1 ,620—3 ,240 5 234 100 per cent all groups 
8 ; 864-2 ,052 6 5 226 60 per cent or greater in 
all dose groups® 
Lower I i 648-2 ,050 6 5 285 No deaths 
abdomen | 2 2, 160-3 ,460 7 7 338 No deaths 
3 3 , 240-4 , 320 5 239 Approx. LDso, 3,500 rep 
6 ; 1 620-3 ,240 5 7 233 100 per cent all groups 
8 5 864-2 ,052 6 5 225 Approx. LDso, 1,35¢ rep 
Stomach 4 ; 1 ,836-3,130 5 10 285 No deaths 
5 ; 2.392 I 10 365 No deaths 
Duodenum 5 g I ,$12-3,132 6 10 359 No deaths 
Adrenals 944-3, 564 4 3 to 6 341 No deaths 
9 3 3,500 I 30 _— No deaths 
Chest 2 3 3,020-5 ,076 4 7 289 One death (4,536 rep) 


® Data insufficient to calculate LDso. 
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16 20 24 28 32 


DAYS AFTER EXPOSURE 


Fic. 3. Distribution of acute deaths among rats receiving deuteron irradiation 
laterally to small portions of the abdomen. 
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RESULTS 
Mortality. Acute radiation mortality 


(within 30 days) was confined essentially 
to those groups irradiated laterally through 
the abdomen. The data are presented in 
Table 11. No deaths occurred within this 
period in groups irradiated anteroposteri- 
orly in the stomach or duodenal regions 
(doses up to 3,132 rep). Of the 35 animals 
receiving radiation laterally to the chest at 
dose levels up to 5,076 rep, only 1 died 
within thirty days. 

Although considerable acute mortality 
occurred among animals irradiated laterally 
through the abdomen, there appeared to be 
little correlation between dose and mor- 
tality in these groups. Deaths occurred in 
some experiments at doses as low as 864 
rep, while in others some rats survived 
doses as high as 3,240 rep. An accurate 
estimate of LD; values could not be made, 
nor was it possible to demonstrate consist- 
ent differences in mortality resulting from 
lateral irradiation of the upper, middle and 
lower abdomen. An approximate LD,» of 
2,000 rep was obtained by combining. all 


mortality data for lateral abdominal irradi- 
ation. 

Sporadic deaths beyond thirty days oc- 
curred in all groups that received radiation 
anteroposteriorly, as well as laterally, to 
the abdomen. Although approximately 15 
to 20 per cent of all animals so exposed in 
this investigation died between the thirti- 
eth and sixtieth day, the data do not per- 
mit a reliable estimate of the death rate 
beyond the acute period. Therefore, these 
data have been omitted. 

Survival Time (Acute Period). No corre- 
lation was apparent between mean survival 
time and either site irradiated or dose. The 
general pattern of survival time of animals 
dying acutely is shown in Figure 3, in which 
data from all groups that received radiation 
laterally to the upper, middle and lower 
abdomen have been combined. Mean sur- 
vival time was approximately thirteen 
days. 

Symptomatology. Acute illness (within 30 
days) was confined for the most part to 
those rats irradiated laterally through the 
upper, middle or lower abdomen. All such 
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CHEST 3020 rep 
Qe STOMACH 3132 rep 
40F O—© 0UODENUM 3132 rep 
@ @ ABDOMEN, LOWER 3020 rep bal 
= @—@ ABDOMEN, MIDDLE 2810 rep 
20 
4 
= 
a 
12 24 28 32 


16 20 
DAYS AFTER IRRADIATION 


Kic. 4. Body weight changes in deuteron irradiated rats. 


animals presented essentially the same 
clinical picture, characterized by progres- 
sive weight loss, ruffled fur, diarrhea (fre- 
quently bloody) and, not infrequently, 
secretions from the eyes and nose. Diarrhea 
appeared toward the end of the first week 
and persisted for several days. Severity of 
illness, like mortality and survival time, 
was not well correlated with dose. Rats 
that died earlier (sth to 7th day) usually 
showed a less severe loss of weight (5 to 15 
per cent) at death than those that died 
later in the first month (20 to 40 per cent). 
Beginning of weight gain among survivors 
coincided with the cessation of diarrhea 
during the second and third week. 

Rats irradiated anteroposteriorly through 
the stomach or duodenum did not appear 
ill, with the exception of mild short-lived 
diarrhea during the second week in less 
than 10 per cent of those exposed. Weight 
gain was impaired, more so in duodenum 
than in stomach irradiated animals. Chest 
and adrenal irradiated rats siowed little or 


no impairment of weight gain and no gross 
symptoms. Body weight changes relative 
to the site irradiated are indicated by the 
representative weight curves shown in 
Figure 4. 

Circular areas of depilation at the point 
of entrance and exit of the deuteron beam 
were found conistently at the higher dose 
levels, and were clearly evident by the 
twelfth day after doses of 1,836 rep and 
above in some animals. The exact threshold 
dose for this effect was not determined. 

Signs of illness which developed after the 
first month were referable to the bowel, 
spinal cord and skin. Deaths occurring later 
than thirty days usually were not preceded 
by marked weight loss or reappearance of 
diarrhea. Those animals that received radi- 
ation to the spinal cord (adrenal and an- 
teroposterior abdominal exposures) gave 
evidence of cord damage beginning about 
two months after exposure. Paralysis of the 
hind limbs of all animals so irradiated was 
complete by three months after exposure. 
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Among animals receiving radiation to the 
bowel, nodular easily movable masses were 
palpable in the abdomen as early as six 
weeks following irradiation. As many as 
three such masses could be detected in a 
single rat. Depilated areas often became 
chronically ulcerated, the lesions persisting 
throughout the period of observation (7 
months postirradiation). In healed areas 
the skin was contracted, thin, and glisten- 
ing in appearance. No regrowth of hair was 
noted. 

Necropsy Findings. Necropsies during 
the thirty day observation period were per- 
formed only on animals that died spontane- 
ously, and hence were limited to the lateral 
abdomen exposure groups. Pathologic find- 
ings in all three groups thus irradiated were 
similar, and were confined essentially to 
the abdominal region. Over 30 per cent of 
the animals showed either ascites (non- 
hemorrhagic), peritoneal exudate, visceral 
adhesions or combinations of the three. The 
spleen was characteristically small, and 
lymph nodes were frequently enlarged, 
particularly in the cecal region. Apparent 
adrenal hypertrophy was noted in a few 
animals. The stomach was greatly dis- 
tended with fluid, and the lower intestinal 
tract was usually dilated and contained 
dark material. 

Most striking were the lesions observed 
in the intestine, and in the stomach, al- 
though less frequently. The intestinal le- 
sions were usually annular, discrete, and 
markedly hyperemic, involving sections of 
intestine from 5 to 20 mm. in length. It was 
common to observe three or four such dis- 
crete lesions over a 10 to 12 cm. length of 
intestine, with normal intestine interven- 
ing. The visibly affected bowel represented 
only a small percentage of the total exposed 
in the beam. 

The affected areas seen when the bowel 
was opened were thin and denuded of epi- 
thelium. Grossly apparent blood was usu- 
ally present in the lumen. Frank perfora- 
tion of the bowel was not observed. The 
fluid present in the stomach was rarely 
hemorrhagic. Although petechiae were seen 
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occasionally in the stomach in areas be- 
lieved not to have been irradiated, gross 
hemorrhage outside of the irradiated area 
was not observed. The hemorrhagic diath- 
esis seen following total body irradiation 
was not observed in these animals. 

Animals that died beyond the first month 
presented a different picture. The ulcerated 
segments of intestine had enlarged to form 
hard, annular, tumor-like masses, I to 3 cm. 
in diameter. Often several such masses, of 
varying sizes, were found in a single animal. 
The bowel wall at the site of the lesion was 
thickened and fibrous, and the internal sur- 
face of the lesions was covered with a 
necrotic and foul smelling membrane-like 
structure. Firm fibrous adhesions bound 
neighboring viscera to these masses. Fre- 
quently the bowel was obstructed by one of 
the lesions and was greatly distended 
proximal to the stenosis. The obstruction 
was presumably the cause of death in these 
cases. 

Some survivors from each of the various 
exposure groups were sacrificed at times 
varying from 93 to 240 days after exposure. 
Those irradiated laterally through the chest 
showed a very high incidence of pulmonary 
fibrosis in the path of the beam. The heart 
appeared normal. Pleural and pericardial 
adhesions were a frequent finding. A num- 
ber of small white, apparently calcified, 
areas were noted in the thoracic wall in the 
path of the beam. Pleural fluid was occa- 
sionally present. 

The tumor-like masses in the intestine 
were observed inall groups that received radi- 
ation to the abdomen. With lateral irradia- 
tion, 17 of 26 animals sacrificed evidenced 
the lesion. With anteroposterior irradiation, 
the lesion was present in 10 of 60 animals 
sacrificed (4 of these lesions were in the 
stomach, and all of these occurred in the 
stomach irradiated group). Usually a single 
lesion per animal was seen in the antero- 
posteriorly irradiated rats; two or more in 
those irradiated laterally. In general, the 
older lesions were larger in size. 

Grossly apparent atrophy of a kidney 
was observed occasionally. Particularly 
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striking was the sharp line of demarcation 
between normal and atrophic portions of 
the kidney found in 2 rats, resulting pre- 
sumably when only a portion of the organ 
was included in the irradiation field. The 
adrenals were grossly normal, and no 
changes in the liver ascribable to irradia- 
tion were noted. 
DISCUSSION 

The lethal syndrome seen in these ex- 
periments following highly localized deu- 
teron irradiation of small portions of the 
bowel was distinctly different from that 
usually associated with exposure of the 
gastrointestinal tract. If any large portion 
or all of the bowel (mouse or rat) is roent- 
gen irradiated at doses sufficient to kill, the 
animal dies with a symptom complex in- 
distinguishable from that seen following 
total body irradiation in the high lethal or 
supralethal dose Mortality re- 
sulting from such irradiation has been at- 
tributed to wide spread destruction of the 
bowel mucosa, which causes a shock-like 
‘radiation toxemia,’® and culminates in 
early death. Mean survival time is remark- 
ably constant at four or five days.'® Peri- 
tonitis and hemorrhage are notably absent. 

Following irradiation of very small vol- 
umes of intestine, however, the “‘radiation 
toxemia” and four to five day survival time 
noted above were not seen even at ex- 
tremely high doses. Survival time of acute 
nonsurvivors varied considerably about a 
mean of twelve or thirteen days, and death 
resulted apparently from local or general- 
ized peritonitis, from hemorrhage into the 
bowel or from bacteremia secondary to 
focal bowel necrosis. Mucosal destruction, 
while complete in affected areas, apparently 
was not sufficiently extensive to produce a 
fatal toxemia. The injury produced can be 
compared to that from a bullet piercing the 
bowel, and it seems likely that immediate 
prognosis following such irradiation de- 
pends on the exact anatomical location of 
the lesion with respect to ease of walling off 
and combating necrosis, infection and, pos- 
sibly, perforation. The strains of bacteria 
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extant probably are a major factor in prog- 
nosis. Ultimate prognosis is affected also by 
the progressively stenosing charac ter of the 
lesions. The relative “sensitivities” of dif- 
ferent animals or of different regions of the 
bowel in a single animal, as indicated by the 
mortality response following this type of 
irradiation, probably depend not on dif- 
ferences in tissue radiosensitivity per se 
among the bowel regions exposed, but on 
the ability of the animal to combat the 
sequelae of localized bowel necrosis. 

As has been pointed out, the gastroin- 
testinal lesions observed at necropsy in- 
volved only a small portion of the total in- 
testinal tissue exposed in the beam. Possible 
marked shortening of affected loops, pre- 
viously noted* in dogs sacrificed several 
weeks after localized roentgen irradiation, 
does not appear to be the explanation here. 
In a serial sacrifice experiment (unpub- 
lished), the earliest lesions noted were 
similarly small, discrete and affected only 
small portions of the total bowel exposed. 

The absence of definite hemorrhage out- 
side of the localized irradiation field con- 
firms previous work on guinea pigs.’ 
Hemorrhage within the field was associated 
invariably with ulceration. It is not known 
if the delayed damage to the spinal cord 
when that organ was included in the beam 
resulted from direct damage to the nervous 
tissue or from degeneration secondary to 
vascular damage. 

The question of the relationships of mass 
and type of tissue exposed to mortality and 
the lethal dose arises. Regardless of the 
body region exposed in these studies, the 
lethal dose for irradiation confined to small 
masses of tissue was high compared to that 
for total body irradiation. With respect to 
the abdomen, the lethal dose}for small 
volume irradiation exceeded that for irradi- 
ation of the entire abdomen,! and no par- 
ticularly sensitive portion was discernible 
within this region by the irradiation pro- 
cedures and in the dose ranges used. 
Deaths within thirty days of irradiation 
were produced only if portions of the in- 
testine were included in the field. Thus, lat- 


Vo. 73, No. 2 


eral abdominal irradiation was frequently 
100 per cent lethal at doses as low as 
1,500 rep, while adrenal or chest irra- 
diation, in which essentially the same 
weight of tissue was exposed, did not re- 
sult in acute deaths or any marked signs 
of illness. The previously noted radiosensi- 
tivity of the abdomen (mortality is used as 
the criterion of sensitivity) is borne out 
with highly localized irradiation, indicating 
clearly that lethality following partial body 
irradiation is related primarily to the rela- 
tive radiosensitivity of the tissue irradiated 
and to its importance in the total economy 
of the animal, and only secondarily to the 
weight of tissue irradiated. 

No acute mortality resulted from antero- 
posterior irradiation of the abdomen, in 
which the weight of bowel exposed was 
roughly one-fifth of the amount exposed in 
lateral irradiation. Additional unreported 
deuteron experiments designed specifically 
to vary the proportion of gastrointestinal 
| tissue in the beam (by fasting the animal 
. aa prior to exposure or changing of the beam 
. diameter), while not conclusive in them- 
3 CU selves, tended to support the view that an 
inverse relationship exists between amount 
of bowel exposed and lethal dose. This is in 
agreement with other studies,* in which the 
LD;. for roentgen irradiation of various 
large portions of the abdomen was inversely 
0 correlated with the amount of bowel ex- 

posed and not with the total weight of tis- 
s i sue irradiated. 
d These findings suggest that the lethal 
e 
e 


dose may be a function of the total energy 
absorbed by the bowel (grams of gastro- 


lg intestinal tissue exposed multiplied by 
t roentgen radiation dose). Such a relation- 
0) ship appears likely on theoretical grounds 


in the case of lethal irradiation of large por- 
tions of bowel, where all exposed intestinal 


r- tissue seems to be affected uniformly, and 
le 4] death appears due to toxemia secondary to 
)- massive mucosal degeneration. Increasing 
166 either dose or amount of bowel exposed 


would theoretically provide more degener- 
ating mucosa, thus increasing morbidity 
and mortality. Experimental results sup- 
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port this contention.!:*:7:5 However, in the 
case of irradiation of relatively small por- 
tions of bowel, the present investigation has 
revealed an entirely different syndrome. As 
described above, and also noted by others,!° 
not all of the bowel exposed in the beam is 
affected grossly, and the number and size 
of lesions are highly variable among ani- 
mals given presumably identical irradia- 
tion. Thus, the degree of injury in this case 
does not appear to bear a quantitative rela- 
tionship to the total energy absorbed by 
the intestine. It is probable, then, that the 
poor correlation of morbidity and mortality 
with dose administered is due to part in 
this fact, and in part to the several factors 
previously mentioned which affect the sub- 
sequent pathogenesis and recovery of le- 
sions in the affected tissues. 


SUMMARY 


1. Irradiation of various small portions 
of the rat with a high energy (190 mev.) 
deuteron beam § or 3 inch in diameter re- 
sulted in negligible acute mortality except 
after lateral exposures of the abdomen. 

2. Mortality was poorly correlated with 
dose over the range employed (864 to 5,076 
rep). No correlation was apparent between 
mortality and lateral abdominal site irradi- 
ated, nor between mean survival time and 
either site irradiated or dose. 

3. Destruction of the bowel mucosa with 
this type of irradiation apparently was not 
sufficiently extensive to cause the acutely 
fatal syndrome seen within four or five days 
of irradiation of the whole, or a large por- 
tion of, the abdomen. Instead, deaths ap- 
parently resulted from peritonitis, hemor- 
rhage into the bowel or from bacteremia 
secondary to focal bowel necrosis. Several 
factors affecting ultimate prognosis are 
discussed. 

4. Chronic ulcerative bowel lesions of a 
progressively stenosing character were ob- 
served three to seven months after ab- 
dominal irradiation. 


M. N. Swift 
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U. S. Naval Radiological Defense Laboratory 
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ABSORPTION OF PLUTONIUM FED 


CHRONICALLY TO RATS 
I. FRACTION DEPOSITED IN SKELETON AND SOFT TISSUES 
FOLLOWING ORAL ADMINISTRATION OF SOLUTIONS OF 


VERY LOW MASS CONCENTRATION* 
By JOSEPH KATZ, HARRY A. KORNBERG, and HERBERT M. PARKER 


Radiological Sciences Department, General Electric Company 


HE principal objective of this study 
was to measure the fraction of pluto- 
nium administered orally to rats which is 
absorbed from the gastrointestinal tract 
and is subsequently deposited in the skele- 
ton and soft tissues. A survey of the litera- 
ture pertaining to the metabolism of plu- 
tonium revealed that previous studies had 
involved the feeding of relatively high con- 
centrations of plutonium to small numbers 
of animals during short periods of time.‘ 
The calculation of the currently accepted 
maximum permissible — concentration 
(M.P.C.) for the soluble compounds of 
in drinking water (1.5 X uc. /ml.)°® 
was based on gastrointestinal absorption 
values obtained under conditions rather far 
removed from those apt to be encountered 
as a result of chronic contamination of food 
or water. The present study involved the 
feeding of plutonium solutions approxi- 
mating the M.P.C. to 160 rats over a 
period constituting a significant fraction of 
the life span of the animal. 


EXPERIMENTAL PROCEDURE 


One hundred and sixty young adult Sprague- 
Dawley rats were divided into 4 groups of 40 
experimental rats each (20 males and 20 fe- 
males). These animals were housed in individ- 
ual cages having } inch mesh wire floors which 
allowed excreta to drop through to prevent 
coprophagy. Dog chow pellets (Purina) and 
water were supplied ad /ibitum. In order to 
permit deposition of detectable amounts of 
plutonium in the bones and soft tissues in spite 
of the low mass levels of radioelement in the 
feeding solutions and in spite of the low per- 
centage absorption of plutonium from the gas- 
trointestinal tract, Pu?3® was used for all feed- 
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ings.t By virtue of the high specific activity of 
Pu*8 (about 260 times greater than that of 
Pu®*) solutions of low mass concentration 
could be employed. 

Details of the feeding regimen are summa- 
rized in Table 1. It was originally planned to ad- 
minister only one dose of plutonium per day 
to each rat, but in order to shorten the duration 
of the experiment, feedings were increased 
first to two doses per day, then to three, and 
for the last month of feedings to four doses per 
day. Doses administered to a given rat were 
always separated by at least two hours. 

In order to maintain control over possible 
sources of contamination during feedings as 
well as during radiochemical analyses, 40 addi- 
tional rats (20 males and 20 females) were 
subjected to the same procedures as the ex- 
perimental animals, except that plutonium 
was omitted from the solutions administered. 
The gavage apparatus used in the feedings is 
diagrammed in Figure 1. Separate gavage 
units were employed for feeding the control 
rats and each group of experimental animals. 
Adsorption of plutonium on rubber and glass 
was minimized by coating syringes, pipettes, 
catheters, and flasks with a silicone preparation 
(dimethyldichlorosilane, General Electric Co.). 

As a control on the actual amount of plu- 
tonium administered to each group of experi- 
mental rats, 1 milliliter volumes of each feed- 
ing solution were delivered, before and after 
each feeding of a given rat group, directly 
from the gavage unit onto counting plates. 
Data listed in Table 1 for the amount of plu- 
tonium fed to each group were derived from 
statistical analyses of the counts obtained from 
these plates. The plus-or-minus figures repre- 
sent 95 per cent confidence limits. 

Upon completion of the feedings, 30 rats in 


+ The Pu*8 was obtained from Dr. G. T. Seaborg, University 
of California Radiation Laboratory, Berkeley, California. 


* This paper is based on work performed under contract No. W-21-109-Eng-s52 for the United States Atomic Energy Commission. 
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TABLE I 


DOSAGE SCHEDULE 


Pu per 
Average Dose 


Fraction of 


(Each group represents 40 rats) 


Total Amount of Pu®* Fed 


Group 
d./m. ung. (weight basis) d./m. pug. 
| 
I 36 I 0.04 18,821+ 210 | 523 
II 110 3 0.12 56,698+ 770 1,575 
III 365 10 0.40 188,707+ 752 § 
IV ZI $79,878 42,256 16,108 


Chemical form of administered Pu: 
pH of administered solution: 
Mode of administration: 

Volume administered per dose: 
Frequency of administration: 


Duration of experimental feeding period: 


Total doses administered: 


stomach tube 

1.0 ml. 

1-4 doses per day, 5 days per week 
93 months 

517 


* Since the specific activity of Pu**is about 260 times greater than that of Pu®%, a mass concentration of Pu®§ equal to the M.P.C. 
for Pu? (1.5 10 8 uc./ml., or 3.4 d./m./ml.) would have an activity of about goo d./m. The Pu? employed was chemically and radio- 
chemically pure. A slight isotopic impurity of Pu%*, below radiochemically detectable limits, may have been present. Such impurities 
may have increased the weights fed over those listed above by an amount not exceeding 25 per cent. 


the group receiving the solution containing the 
highest plutonium concentration were set 
aside for biological turnover studies, as will be 
described later. The remaining experimental 
rats and all control rats were sacrificed by 
etherization, after being fasted for four days to 
clear the gastrointestinal tract of adsorbed 
plutonium. Each animal was skinned and the 
entire gastrointestinal tract carefully removed, 
after clamping off esophagus and anus. The 
remainder of the carcass was eviscerated and 
autoclaved for thirty minutes at 15 pounds pres- 
sure in order to soften the muscle and facilitate 
separation of bones. The de-boned carcass was 
recombined with the viscera to constitute the 
soft tissue sample. 

In order to ascertain whether plutonium was 
leached from the bone during the autoclaving 
process, a preliminary control experiment was 
performed. Ten Sprague-Dawley rats were in- 
jected intraperitoneally with 3.2 X10‘ d./m. of 
Pu*® (iv) as the citrate. Seventy-two hours 
later these animals were sacrificed and their 
limbs removed. After carefully scraping away 
the muscle, the bones of one forelimb and hind- 
limb of each animal were analyzed for pluto- 
nium. The bones of the forelimb and hindlimb 
from the opposite side of the body of each ani- 
mal were autoclaved for thirty minutes at 15 
pounds pressure before being analyzed for 
plutonium. Results of analyses are summarized 


in Table 1. It is apparent that the plutonium 
content of autoclaved and non-autoclaved bone 
samples is not significantly different. This was 
confirmed by carefully rinsing with hot nitric 
acid the beakers in which bones had been auto- 
claved and evaporating the washings on count- 
ing plates. In every case activity found was 
negligible. 

In view of the extended duration of the feed- 
period, it was necessary to obtain knowledge of 
the biological turnover of deposited plutonium. 
Ten of the 40 rats receiving the highest pluto- 
nium concentration (designated as Group Iva) 
were sacrificed at the same time as the other 
experimental rats. The remaining 30 rats in 
Group Iv were divided into 3 subgroups of 10 
rats each” (designated as Groups tvb, and 
1vd) and‘these groups were sacrificed go, 180 
and 250 days after feedings had been discon- 
tinued. 

The various tissue segments, bone, soft 
tissue, pelt and gastrointestinal tract were di- 
gested with concentrated nitric acid, evaporated 
to dryness, and muffled to a white ash at 600° 
C. The ash was dissolved in 2 N nitric acid and 
analyzed according to a standard procedure for 
biological samples of low activity density now 
in use in our laboratory. 

Tissues from experimental rats were analyzed 
simultaneously with similar tissues from rats 
in the control group and with a tissue to which 
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a known amount of plutonium was added. Re- 
sults on experimental tissues were corrected for 
the activity found in the control tissues and 
for the per cent recovery obtained from the 
spiked tissue. In order to minimize the possi- 
bilities of cross contamination, all tissue seg- 
ments from rats in a lower plutonium feeding 
level were analyzed before commencing analy- 
ses on tissues from the next higher level. 

Samples were counted on proportional low 
background alpha counters (manufactured by 
the Nuclear Instruments Corp.) having a 52 
per cent geometry and operating at the 95 per 
cent confidence level. Background was less 
than 0.§ counts per minute. 


RESULTS 

A mortality of about 5 per cent occurred 
over the entire feeding period of nine and 
one-half months. Deaths usually could be 
attributed to respiratory ailments. The 
average plutonium contents in the body 
fractions of the experimental rats are given 
in Table ur. These values have been cor- 
rected for the activity detected in the 
simultaneously analyzed control rats as 
well as by appropriate factors based on 
average spike recovery data obtained for 
each group and for each type of tissue. 
Values shown in parenthesis were not sta- 
tistically different at the 95 per cent con- 
fidence level from values obtained on simi- 
lar tissues from control animals. 

In the case of animals on the lowest plu- 


TABLE I] 


COMPARISON OF TOTAL AMOUNTS OF PLUTONIUM 
FOUND IN FRESH AND AUTOCLAVED BONE 
(d./m. X10~*) 


Rat | * Fresh Autoclaved 
No. Bone Sample Bone Sample 

I 2.64 2.69 

2 | 3.09 2.76 

3 | 2.39 2.16 

4 | 2.82 2.76 

5 3.22 3.01 

6 2.96 4634 

7 3.16 2.76 

Pal 2.70 2.69 

9 2.81 

10 2.36 2.54 
Total 28.51 27.32 


Absorption of Plutonium Fed Chronically to Rats 


Kic. 1. Gavage apparatus used for feeding plutonium 
to rats. 4—3 ml. syringe. B—Rubber sleeve. C 
1 ml. pipette. D—3-way stopcock. E—Stopcock 
adapter. F—Rubber catheter (French No. 8). G 
Air vent. H—Ground glass connection. /—Pluto- 
nium solution flask. 


tonium feeding level (Group 1) only the 
gastrointestinal tract showed significant 
plutonium retention, while the rats in 
Group u which received solutions of 0.12 
of the M.P.C. showed significant retention 
in all body fractions except the soft tissues. 
The skeleton and soft tissues of the animals 
which received solutions of 0.4 of the 
M.P.C. and 1.2 times the M.P.C. were 
found to contain significant amounts of 
plutonium. The same was true of the gas- 
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Taste II] 
AVERAGE PLUTONIUM DEPOSITION IN BOLY FRACTIONS 
(d./m.+95 per cent Confidence Limits) 
(Values in parenthesis are not significantly different from controls) 
Gastrointestinal 
Group Th. Pelt Skeleton Soft Tissue 
Pract 

I 2.94+ 0.55 (0.09 +0. 36) (O+0. 36) (0.50+0.5§2) 

4.65+ 1.36 0.21 0.17 (0.04 +0.18) 
14.80+ 5§.05 0569 4.64+0.59 0.84+0.76 i 
Iva 104.48 +80.96 2.88+2.20 14.68+3.79 1.28+0.93 
ivb (0.144 0.75) (0.87 +0.87) 13.5742.59 1.16+0.76 
IVC 10.42+ 6.63 (0o+0.53) 12.10+1.65 4.62+2.53 


trointestinal tracts and pelts of the rats in 
these last two groups which were sacrificed 
immediately after cessation of plutonium 
feedings. The plutonium content in the 
pelts and gastrointestinal tracts of the rats 
on the highest level of plutonium adminis- 
tration (Group Iv) which were sacrificed at 
various time intervals following cessation 
of feedings showed a decreasing contamina. 
tion with time and reached non-significant 
levels at the end of ninety days. 

Table tv shows the per cent of fed plu- 
tonium which was absorbed from the 
gastrointestinal tract and deposited in the 
skeleton and soft tissues of the experi- 
mental rats. In calculating the total per 
cent absorbed, the amounts of plutonium 


found in the pelts and gastrointestinal 
tracts were neglected, since, as indicated by 
the sharp drop in activity following cessa- 
tion of feedings, the former values represent 
largely contamination of pelt by excreta, 
while the latter consist of physically ad- 
sorbed plutonium on food particles or gas- 
trointestinal mucosa which were not re- 
moved during the four day pre-sacrifice 
fasting period. 
DISCUSSION 

Statistical evaluation of data pertaining 
to skeletal deposition of plutonium in rats 
of subgroups Iva, Ivb, and vd (see Table 
1v) which were sacrificed 4, 90, and 250 
days, respectively, following cessation of 


TaBLe IV 


AVERAGE PER CENT OF GASTROINTESTINAL ABSORPTION AND DEPOSITION OF PLUTONIUM FED TO RATS 


(95 Per Cent Confidence Limits) 


Fraction of 


Group M.P.C, in Skeleton Soft Tissues Total 
Solutions Fed 
I 0.04 
II 12 00194 + .00051 .00194 + .00051 
Ill 0.4 .00246 + .00031 .00044 + .00040 .00290 + .00051 
Iva [2 00253 + .00065 .00022 + .00016 .00275 + .00067 
Ivb hae .00234 + .00045 .00020 + .0001 3 .00254 + .00047 
Ivc 2 .00208 + .00028 C0080 + .00044 .00288 + .00052 
Ivd ‘2 .00226 + .00043 .00050 + .00041 .00276 + .00059 
Iv combined * 00234 + .00028 .00021 + 00038 


T.0o261+. 


* Combined values for Group iv were obtained by pooling 


Discussion.) 


+ Combined values for Group 1v were obtained by pooling 


cussicn.) 


weighted components of subgroups Iva, 1vb, and 1vd. (See text under 


weighted components of subgroups iva and 1vb. (See text under Dis- 
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plutonium feedings reveals that no signifi- 
cant differences exist among those values. 
Results of radiochemical analyses of skele- 
tal plutonium deposition in rats which were 
sacrificed 180 days after completion of 
feedings (subgroup Ivc) indicate a signifi- 
cant decrease, but this value is considered 
to be the result of experimental error due 
to the low levels of activity assayed, the 
length of the experiment, and the com- 
plexity of the laborious plutonium extrac- 
tion procedure used. This is taken to justify 
the conclusion that no significant decrease 
in skeletal plutonium content occurred 
during the experimental feeding period. A 
pooling of values for subgroups tva, Ivb, 
and ivd yields 0.00234+0.00028 per cent 
at the 95 per cent confidence interval for 
the mean deposition in skeletal tissue for 
rats in Group Iv which received 1.2 times 
the maximum permissible concentration of 
plutonium. 

Similar statistical analyses of the ob- 
served plutonium concentrations in soft 
tissues suggested that any pooling of re- 
sults in the subgroups comprising Group 
1v would best be limited to those of tva and 
ivb. Values from ive. and tvd were dis- 
carded on the basis that turnover of plu- 
tonium from soft tissue may be reasonably 
expected to be more rapid than from bone,! 
and hence tve and tvd should have shown 
less plutonium than va or tvb. The same 
statistical treatment applies to the com- 
bined total plutonium concentration shown 
in Table 1v. All data were considered 
separately for male and female animals, but 
no correlation with sex was observed. 

These results are lower by a factor of 2 
to 3 than values previously reported. Car- 
ritt e¢ a/.! administered a total of 488 micro- 
grams of plutonium to 3 rats in § equally 
divided doses during a period of five con- 
secutive days. Animals were sacrificed four 
days after the last plutonium administra- 
tion and an oral absorption of 0.01 per cent 
was reported by these workers. Scott e¢ a/.' 
calculated that 0.007 per cent of a single 
dose consisting*of 15 micrograms of plu- 
tonium was absorbed from the gastroin- 
testinal tract of rats. The lowest concen- 
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tration levels of plutonium previously fed 
to rats were administered in this laboratory 
during an experiment preliminary to the 
present study.° Ten rats (5 males and 5 fe- 
males) each were fed 5.9 micrograms of 
plutonium over a period of ninety days and 
an average of 0.0095 per cent of the ad- 
ministered dose was deposited in the total 
carcass. Even these levels, however, were 
several thousand times greater than the ac- 
cepted M.P.C. for plutonium in drinking 
water. 

On the basis of data collected in this ex- 
periment, there appears some evidence that 
the concentration of the plutonium fed may 
exert some effect on the amount absorbed 
and deposited. Thus, for skeleton, the mean 
deposition in per cent of amount fed seems 
to vary significantly from group to group. 
An experiment is currently in progress in- 
volving the feeding of plutonium solutions 
over a wide concentration range from 10 to 
50,000 times the M.P.C. By comparing 
data from low-level and high-level feedings, 
it may become possible to obtain more 
conclusive evidence relative to the effect of 
plutonium concentration present in the 
lumen of the gastrointestinal tract on frac- 
tion absorbed. Discrepancies in coefficients 
of absorption calculated from the present 
study and from earlier work may have been 
due to such concentration effects. 

The calculation of the maximum permis- 
sible concentration of plutonium in drink- 
ing water must not be based only on aver- 
age values of plutonium deposited. It must 
place emphasis on individual variation in 
order to set up standards which will pro- 
tect the exceptional as well as the average 
individual. With this in mind, Table v was 
prepared. Here are found statistical esti- 
mates of the maximum per cent of gastro- 
intestinal absorption to be expected in 99 
per cent of the experimental rats, go per 
cent of the time. In spite of the pessimistic 
bias embodied in these values, the limiting 
per cent of gastrointestinal absorption falls 
below the o.o1 per cent which has previ 
ously been accepted as the best experi- 
mental average value for the rat. 

The presently accepted M.P.C. for plu- 
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TABLE V 
MAXIMUM PER CENT OF GASTROINTESTINAL ABSORP- 
TION AND DEPOSITION OF PLUTONIUM IN 99 PER CENT 
OF RATS gO PER CENT OF THE TIME 


Group Skeleton et Total 
I 
I .0047 .0027 .0074 
.0050 .0038 .0088 
Iva .OCOg 
Ivb .0043 .0008 
Ivc .0027 .0060 
ivd .0039 .OO19 .0058 
tonium in water yuc./ml.) is 


based on an assumed absorption coefficient 
of o.1 per cent.’ This is a factor of approxi- 
mately 10 higher than the absorption co- 
efficient determined by previous workers 
using small numbers of animals and high 
concentrations of plutonium; and a factor 
of 40 higher than the absorption coefficient 
measured in the present experiment. In 
view of the consistency of the data obtained 
in the present study, the large number of 
animals employed, and the low concentra- 
tion levels employed, it would seem reason- 
able to accept a value of 0.01 per cent for 
the absorption coefficient. This would still 
leave a safety factor of 4 to take care of 
unusual individual variation and the possi- 
bility of species variation between the rat 
and man. Using 0.01 per cent for the ab- 
sorption coefficient the M.P.C. for plu- 
tonium in water would become 10~ 
uc./ml. 


SUMMARY 


1. The gastrointestinal absorption and 
deposition of plutonium in bone and soft 
tissue of 160 rats after 517 low-level feed- 
ings of Pu?** were determined at doses that 
varied from 0.04 to 1.2 times the currently 
accepted maximum permissible concentra- 
tion of plutonium in drinking water. Within 
the 95 per cent limits of confidence, the 
mean per cent total, soft tissue, and skeletal 
deposition was 0.00261 +0.00038, 0.00021 
+0,00010, and 0.00234+0.00028 respec- 
tively for animals receiving plutonium 
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levels equivalent to 1.2 times the maximum 
permissible concentration. 

2. No significant decrease in skeletal 
plutonium was observed over a period of 
250 days following cessation of feedings. 

3. The concentration of plutonium fed 
appeared to exert some effect on amount 
absorbed and deposited, but this will be 
investigated by further experimentation. 
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THE THIRTY-SEVENTH ANNUAL MEETING 


HE Thirty-seventh Annual Meeting of 
the American Radium Society will be 
held at the Shoreham Hotel in Washington, 
D. C., on Thursday, Friday, and Saturday, 
April 21, 22, and 23, 1955. This meeting 
immediately precedes the meeting of the 
Fifth Inter-American Congress of Radi- 
ology. Members of the latter and all others 
interested in therapeutic radiology, cancer 
research, therapy of malignant diseases in 
general, and radiological physics are cor- 
dially invited to attend. 

The program will include at least two 
symposiums plus a number of widely 
diversified and interesting topics. Dr. 
Franklin L. Payne, of Philadelphia, will be 
moderator for one panel on the advantages 
or disadvantages of preoperative irradiation 
for cancer of the corpus uteri. Two persons 
will argue the affirmative, while two will 
take a contrary view. Discussion and com- 
ments from the floor will be welcomed. 

Most clinicians as well as many persons 
interested in research will be delighted with 
a symposium on benign breast lesions simu- 
lating cancer as discussed by diagnostic and 
therapeutic clinicians, a pathologist, and an 
endocrinologist. 

Individual papers include cancer of the 
urinary bladder; head and neck; the effects 
of radiation on the eye; vital stains demon- 
strating first effects of different types of 
radiation; research on time dose relation- 
ships; duration of human cancer, as esti- 
mated from tumor growth rate; and re- 
search on radiation measuring equipment. 

It is anticipated that the Janeway Lec- 
ture, always a highlight of the meeting, 
will be held immediately after an informal 
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dinner on the first night of the meeting, 
April 21, 1955. The annual banquet of the 
Society will be held on the second evening 
of the meeting, Friday, April 22. 

The Shoreham Hotel offers excellent fa- 
cilities for such a meeting and although 
most of the American Radium Society 
meetings are relatively small (150-200), 
this meeting may have a much larger at- 
tendance. Reservations are already two to 
three times the number anticipated by this 
time of year, so all members wishing ac- 
commodations at the hotel should arrange 
for them promptly through Mr. L. Gardner 
Moore, Manager, Shoreham Hotel, Wash- 
ington 8, D. C. 

A preliminary program will be for- 
warded to the members of the American 
Radium Society within the next two 
months and should appear in this JouRNAL 
in the March or April issue. 

The program will be amply diversified 
to allow sufficient time for members and 
guests to take advantage of the many other 
scientific, educational, and recreational fa- 
cilities offered in Washington. 

Members or guests who have not re- 
ceived more specific information about the 
meeting from the Secretary of the Society 
may obtain it by writing directly to Dr. 
Robert E. Fricke, Mayo Clinic, Rochester, 
Minnesota; or to Dr. Ralph M. Caulk, 
Chairman of Committee on Arrangements, 
Garfield Hospital, roth and Florida Ave- 
nue, N.W., Washington, D. C. 

Joun E. Wirtu, M.D., President 
American Radium Society 
635 East Union St. 
Pasadena 1, California 


UnitTep States OF AMERICA 

AMERICAN RoENTGEN Ray Society 
Secretary, Dr. Barton R. Young, Germantown Hospital, 
Philadelphia 44, Pa. Annual meeting: Palmer House, 
Chicago, Ill., Sept. 20-23, 1955. 

AMERICAN RapiuM Society 
Secretary, Dr. R. E. Fricke, Mayo Clinic, Rochester, 
Minn. Annual meeting: Shoreham Hotel, Washington, 
D. C., April 21-23, 1955. 

RapioLocicaL Society oF NortH AMERICA 
Secretary, Dr. D. S. Childs, 713 E. Genesee St., Syracuse 
2, N. Y. Annual meeting: 1955, to be announced. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Secretary, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Drake Hotel, 
Chicago, Ill., Feb. 9-12, 1955. 

Secrion ON RaproLocy, AMERICAN MepIcaL AssociaTION 
Secretary, Dr. T. Leucutia, Harper Hospital, Detroit 1, 
Mich, 

FirrH InreR-AMERICAN CONGRESS OF RADIOLOGY 
Secretary-General, Dr. Eugene P. Pendergrass, 3400 
Spruce St., Philadelphia 4, Pa. Meets at Shoreham Hotel, 
Washington, D. C., April 24-29, 1955. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

Arizona RADIOLOGICAL SOCIETY 
Secretary, Dr. R. Lee Foster, 507 Professional Bldg., 
Phoenix, Ariz. Two regular meetings a year. The annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Norton, 843 Donaghey Bldg., Little 
Rock, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ATLANTA RADIOLOGICAL SocIETY 
Secretary, Dr. Albert A. Rayle, Jr., 478 Peachtree St., 
N.E., Atlanta, Ga. Meets monthly, except during three 
summer months, on second Friday evening. 

Brook._yn RoentGEN Ray Society 
Secretary, Dr. J. J. Daversa, 345 75th St., Brooklyn, N. Y. 
Meets monthly fourth Tuesday, October through April. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Clayton G. Weig, 135 Linwood Ave., 
Buffalo, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

Centra New York RoentceEN Ray Society 
Secretary, Dr. Dwight V. Needham, 608 E. Genesee St., 
Syracuse, N. Y. Meets January, May, November. 

CenTRAL Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. F. A. Riebel, 15 West Goodale St., 
Columbus, Ohio. Meets at 6:30 P.M. on second Thursday 
of October, December, February, April, and June at 
Columbus Athletic Club, Columbus, Ohio. 

Cuicaco RoENTGEN SOCIETY 
Secretary, Dr. E. Burns Lewis, 670 N. Michigan Ave., 
Chicago 11, Ill. Meets second Thursday of each month, 
October to April inclusive at the University Club. 

CLeveLanp RaproLocicaL Society 
Secretary, Dr. H. F. Inderlied, 11311 Shaker Blvd., Cleve- 
land 4, Ohio. Meetings at 6:45 P.M. on fourth Monday 
of each month from October to April. 


SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


MEETINGS OF ROENTGEN SOCIETIES* 


* Secretaries of societies are requested to send timely information promptly to the Editor. 


CoLorapo Society 
Secretary, Dr. S. A. Patterson, Larimer County Hospital, 
Fort Collins, Colo. Meets third Friday of each month at 
University of Colorado Medical Center or at Denver 
Athletic Club. 

Connecticut VALLEY RapioLocic Society 
Secretary, Dr. B. B. Alicandri, 20 Maple St., Springfield, 
Mass. Meets second Friday October and April. 

Da.ias-Fort WortH RapioLocicat CLus 
Secretary, Dr. O. H. Grunow, 650 Fifth Ave., Fort 
Worth, Texas. Meets monthly, third Monday, at Greater 
Fort Worth International Airport at 6:30 P.M. 

Detrroir RoentGeN Ray AnD Raptum Society 
Secretary, Dr. E. F. Lang, Harper Hospital, Detroit, 
Mich. Meets monthly first Thursday, Oct. through May, 
at David Whitney House, 4421 Woodward Ave., at 6:30 
P.M. 

East Bay RoentGEN Society 
Secretary, Dr. Dan Tucker, 434 joth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

FLoriIDA RADIOLOGICAL SociETY 
Secretary, Dr. J. T. Shelden, Box 1021, Lakeland, Fla. 
Meets twice annually, in the spring with the annual State 
Society meeting, and in the fall. 

GeorGIA RaDIOLoGIcAL 
Secretary, Dr. Herbert M. Olnick, 417 Persons Bldg., 
Macon, Ga. Joint meeting with Florida State Medical 
Association, November, 1954. 

GreaTER Miami Society 
Secretary, Dr. R. D. Shapiro, 541 Lincoln Rd., Miami 
Beach, Fla. Meets monthly at various South Florida 
Hospitals. 

Houston Society 
Secretary, Dr. Harry Fishbein, 324 Medical Arts Bldg., 
Houston 2, Texas. Meets fourth Monday each month at 
Hermann Hospital. 

IpaHo State Society 
Secretary, Dr. Alfred M. Stone, St. Lukes Hospital, 
Boise, Idaho. Meets annually at same time as Idaho State 
Medical Association. 

RADIOLOGICAL SocIETY 
Secretary, Dr. Stephen L. Casper, 1101 Maine St., 
Quincy, Ill. Meets three times a year. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. John A. Robb, 238 Hume-Mansur Bldg., 
Indianapolis 4. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RaDIoLocicaL Society 
Secretary, Dr. James T. McMillan, 1104 Bankers Trust 
Bldg., Des Moines, lowa. Luncheon and business meet- 
ing during annual session of Iowa State Medical Society, 
The scientific section is held in the autumn. 

KANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Cherner, Hays, Kansas. Meets in 
spring with State Medical Society, and in winter on call. 

Kentucky RapDIoLocicaL Society 
Secretary, Dr. David Shapiro, 323 East Chestnut St., 
Louisville 2, Ky. Meets monthly on second Friday at 
Seelbach Hotel, Louisville. 

Kincs County Society 
Secretary, Dr. Solomon Maranov, 1450 SIst St., Brooklyn 
19, N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:45 P.M. 
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Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Oscar Harvey, 3741 Stocker St., Los 
Angeles 8, Calif. Meets second Wednesday each month 
at Los Angeles County Medical Association Building, 
Los Angeles. 

Maine SoOciETY 
Secretary, Dr. W. A. Russell, Augusta General Hospital, 
Augusta, Maine. Meets in June, October, December and 
April. 

MarYLAND RaDIOLoGIcAL SocieTY 
Secretary-Treasurer, Dr. Paul W. Roman, 1810 Eutaw 
Place, Baltimore 17, Maryland. 

Mempuis ROENTGEN SOCIETY 
Secretary, Dr. B. E. Greenberg, 294 Annella St., Memphis 
11, Tenn. Meets first Monday of each month at John 
Gaston Hospital. 

Miami VALLEY RapioLocicat Society 
Secretary, Dr. G. A. Nicoll, 134 Apple St., Dayton, Ohio. 
Meets second Friday of fall and winter months. 

Mip-Hupson Rapio.ocica Society 
Secretary, Dr. J. W. Walton, Horton Memorial Hospital, 
Middletown, N. Y. Meets 8:30 p.m., fourth Tuesday each 
month, September to May. 

MiILwavuKEE RoentTGEN Ray Society 
Secretary, Dr. R. W. Byrne, 3321 N. Maryland Ave., 
Milwaukee 1, Wis. Meets monthly on fourth Monday at 
University Club. 

MInNESOTA RADIOLOGICAL SOCIETY 
Secrrtary, Dr. John R. Hodgson, Mayo Clinic, Rochester, 
Minn. Meets three times annually, once at time of State 
Med. Assn., and in spring and fall. 

MississipP1 RADIOLOGICAL SOCIETY 
Secretary, Dr. John W. Evans, 117 N. President St., 
eee Miss. Meets third Thursday of each month at 

otel Edwards, Jackson, at 6:00 P.M. 

Montana RaDIoLocicaL Society 
Secretary, Dr. Grant P. Raitt, Suite 413 Medical Arts 
Bldg., Billings, Montana. Meets at least once a year. 

Nassau Society 
Secretary, Dr. Alan E. Baum, Hicksville, N. Y. Meets 
second Tuesday of the month in February, April, June, 
October and December. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. F. Kelly, Jr., 816 Medical Arts Bldg., 
Omaha, Nebr. Meets third Wednesday of each month at 
6 p.m. in Oamaha or Lincoln. 

New RoentcEn Ray Society 
Secretary, Dr. Stanley M. Wyman, Massachusetts Gen- 
eral Hospital, Boston, Mass. Meets third Friday of each 
month, October through May, at Hotel Commander, 
Cambridge, Mass. 

New HampsuireE RoentcGeN Ray Society 

| Secretary, Dr. A. C. Johnston, Elliott Community Hos- 

’ pital, Keene, N. H. Meets four to six times yearly. 

New YorK RoenTGEN Society 
Secretary, Dr. Sidney Rubenfeld, 477 First Ave., New 
York 16, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 P.M. 

NortH Caro.ina RADIOLOGICAL SociETY 
Secretary, Dr. W. C. Sternbergh, Charlotte Memorial 
Hospital, Charlotte, N. C. Meets in May and October. 

NortH Dakota RapIoLocIcaL Society 
Secretary, Dr. Marianne Wallis, St. Joseph’s Hospital, 
Minot, N. Dak. Meetings by announcement. 

NortH FLoripa RapioLocicaL Society 
Secretary, Dr. Ivan Isaacs, 1645 San Marco Blvd., Jack- 
sonville, Florida. Meets quarterly in March, June, 
September and December. 

NorTHEASTERN New York Society 
Secretary, Dr. D. H. Baxter, Albany Hospital, Albany, 
N. Y. Meets in Albany area on second Wednesdays of 
October, November, March and April. 

NortTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. H. B. Stewart, 2¢20 Capitol Ave., Sacra- 
mento, Calif. Meets at dinner last Monday of each 

month, September to June. 
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Onto State Rapio.ocicat Society 
Secretary, Dr. M. M. Thompson, Jr., 319 Toledo Medical 
Bldg., Toledo 2, Ohio. 

OKLAHOMA SraTE RapDIoLocicaL Society 
Secretary, Dr. John R. Danstrom, Medical Arts Bldg., 
Oklahoma City, Okla. Three regular meetings annually. 

Orecon SocreTy 
Secretary, Dr. F. C. Shipps, 214 Medical-Dental Bldg., 
Portland 5, Oregon. Meets monthly from October to 
June on the second Wednesday of each month at 8:00 
p.M. at the University Club. 

Orveans ParisH RApDIoLocicaL Society 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets first Tuesday of each month. 

Paciric NortHWEsT SocIETY 
Secretary, Dr. J. R. Raines, 214 Medical-Dental Bldg., 
Portland 5, Oregon. Meets annually in May. 

Pactric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Converse, 416 Pine St., Williamsport. 
Next annual meeting at Berkshire Hotel, Reading, 
Penna., May 20 and 21, 1955. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. H. M. Stauffer, Temple University Hos- 
pital, Philadelphia 40, Pa. Meets first Thursday of each 
month, at § p.M., from October to May in Thompson 
Hall, College of Physicians. 

PirrsBuRGH ROENTGEN SOCIETY 
Secretary, Dr. Donald H. Rice, Western Pennsylvania 
Hospital, Pittsburgh 24, Pa. Meets second Wednesday 
of month, October through June at Hotel Roosevelt. 

RapioLocicat Section, BALTIMORE MEDICAL Society 
Secretary, Dr. Paul W. Roman, 1810 Eutaw Place, Balti- 
more 17, Md. Meets third Tuesday each month, Sep- 
tember to May, inclusive. 

Section, Connecticut Society 
Secretary, Dr. William A. Goodrich, 85 Jefferson St., 
Hartford 6, Conn. Meetings are held bi-monthly. 

RapDIoLocicaL SecTION, SOUTHERN MEDICAL AssOcIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

RADIOLOGICAL SociETY OF GREATER CINCINNATI 
Secretary, Dr. Wm. R. Dickens, Cincinnati General 
Hospital, Cincinnati 29, Ohio. Meets monthly from Sep- 
tember to June on first Monday of each month at 7:30 
p.M. at the Cincinnati General Hospital. 

Society or Hawaii 
Secretary, Dr. H. C. Chang, 1282 Emma St., Honolulu 
13, T. H. Meets third Monday evening of each month at 
designated hospitals. 

RaDIOLoGIcAL Society OF GREATER Kansas City 
Secretary, Dr. E. H. Stratemeier, Jr., 1010 Rialto Build- 
ing, Kansas City 6, Mo. Meets last Friday of each month, 

RapioLocicaL Society oF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SociETY OF LouIsIANA 
Secretary, Dr. J. T. Brierre, 700 Audubon Bldg., New 
Orleans. Meets annually during Louisiana State Medical 
Society Meeting. 

Society or New JERSEY 
Secretary, Dr. Carye-Belle Henle, 195 North 7th St., 
Newark, N. J. Meets at Atlantic City at time of State 
Medical Society and in November in Newark, N. J. 

SociETy OF SOUTHERN CALIFORNIA 
Secretary, Dr. George Jacobson, 1200 N. State St., Los 
Angeles 33, Calif. 

RicHMonD County RapDIoLocIcaL Society 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester RoentGen Ray Society, Rocuester, N. Y. 

Secretary, Dr. Henry H. Forsyth, Jr., 40 Meigs St., Roch- 

ester, N. Y. Meets at 8:15 p.m. on the last Monday of 
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each month, September through May, at Strong Me- 
morial Hospital. 

Rocky Mountain Society 
Secretary, Dr. John H. Freed, 4200 East Ninth St., Den- 
ver 7, Colo. 

Sr. Lours Society oF RApDIOLocists 
Secretary, Dr. W. B. Seaman, 510 South Kingshighway, 
St. Louis 10, Mo. Meets fourth Wednesday each month, 
except June, July, August and September. 

San RapioLocicaL Society 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas Meets Brooke Army Medical 
Center Officers Mess first Monday of each month. 

San DieGo Society 
Secretary, Dr. C. W. Bruner, 2456 Fourth Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco Rapio.ocica Society 
Secretary, Dr. T. M. Fullenlove, 110 El Verano Way, San 
Francisco 27, Calif. Meets quarterly at Grison’s Steak 
House. 

SEcTION ON CALIForNIA MEDICAL AssOCcIATION 
Secretary, Dr. H. R. Morris, 1027 ““D” St., San Bernar- 
dino, Calif. 

Secrion On Rapiotocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary, Dr. John A. Long, 1801 K St., N.W., Washing- 
ton 6, D. C. Meets Medical Society Library, third 
Wednesday of January, March, May and October at 
8:00 P.M. 

SecTion ON Rapro.ocy, ILtinots Strate MEDICAL SOCIETY 
Secretary, Dr. George E. Irwin, Jr., 703 N. East St., 
Bloomington, III. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M. 
September to May inclusive. 

Soutn Bay Rap1oLocicaL Society 
Secretary, Dr. H. R. Berman, joe St. Claire Bldg., San 
Jose, Calif. Meets second Wednesday of each month. 

SoutH CAROLINA RADIOLOGICAL 
Secretary, Dr. William A. Klauber, Self Memorial Hos- 
pital, Greenwood, S. C. One meeting with South Carolina 
Medical Association in May, others arranged by Presi- 
dent. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. G. K. Henshall, 311 Medical Arts Bldg., 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas RapioLocicaL Society 
Secretary, Dr. R. P. O’Bannon, 650 Fifth Ave., Fort 
Worth 4, Texas. Next meeting, Houston, Texas, January 
21 and 22, 1955. 

Tri-State RapioLocicaL Society 
Secretary, Dr. S. N. Tager, 219 Walnut St., Evansville, 
Ind. Meets last Wednesday of Oct., Jan., March and 
May, 8:00 p.m. at Elks’ Club in Evansville. 

Universiry or MicnicaAn DepartMeNtT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 

_at 7:00 p.m. at University Hospital. 

Universiry or Wisconsin RapioLocicaL ConFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets first and third Thursdays 4:00 to 5:00 

_P.M., September to May, Service Memorial Institute. 

Stare Society 
Secretary, Dr. Angus K. Wilson, 343 S. Main St., Salt 
Lake City 1, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 

_ Hospital. 

IRGINIA RADIOLOGICAL SOCIETY 
Secretory, Dr. P. B. Parsons, Norfolk General Hospital, 
Norfolk, Va. Meets annually in October. 

Wasuincton State RADIOLOGICAL SocIETY 

Secretary, Dr. Eva L. Gilbertson, 1317 Marion St., 

Seattle 4, Wash. Meets fourth Monday of each month 
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from September through May at 610 Pine St., Seattle. 
West VircintA Rapio.ocicat Society 
Secretary, Dr. W. Paul Elkin, 515 Medical Arts Bldg., 
Charleston, W. Va. Meets concurrently with annual 
meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 
WESTCHESTER RADIOLOGICAL SociETY 
Secretary, Dr. M. G. Priestman, New Rochelle Hospital, 
New Rochelle, N. Y. Meets on third Tuesday of January 
and October and on two other dates. 
Wisconsin Society 
Secretary, Dr. W. W. Moir, 309 Geele Ave., Sheboygan, 
Wis. Special meetings held during year; annual meeting 
each spring at Madison, Wis. 
X-Ray Srupy or San FRAnNcisco 
Secretary, Dr. Wm. W. Saunders, Veterans Administra- 
tion Hospital, San Francisco 21, Calif. Meets monthly, 
third Thursday at 7:45 p.M., Lane Hall, Stanford Uni- 
versity Hospital. 


Cusa, Mexico, Puerto Rico anp CENTRAL AMERICA 

SociEDAD DE Rapio.Locia Fis1orERAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

SocteDAD Mexican DE Rapro.toaia, A. C. 
Secretary General, Dr. Eugenio Toussaint, Calle del Oro 
No. 15, Mexico 7, D.F. Meets first Monday of each 
month. 

AsocraciOn PUERTORRIQUENA DE RaDIOLoGia 
Secretary, Dr. Rafael A. Blanes, Ave. Ponce de Leon 
1175, Santurce, P. R. 

SocreDAD RaproLécica PANAMENA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 86, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 


BririsH Empire 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. Jean-Louis Léger, 1560 Sherbrooke St., 
Montreal, Que. Meets four times a year. 

British INstiruTE OF RapioLtocy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Ordinary meeting, on the Thursday preceding the third 
Friday, October to May at 8:15 P.M. 

Medical Members’ meeting, on third Friday in each 
month at 5:00 P.M., 32 Welbeck St., London, W 1 

Facu.ty oF RADIOLOGISTS 
Honorary Secretary, Dr. J. F. Bromley, 45, Lincoln’s Inn 
Fields, London, W.C.2, England. 

Section oF RADIOLOGY oF THE Society or Mept- 
(ConrineD TO Mepicat MemBers) 

Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. D. L. McRae, Suite 
305, 1555 Summerhill Avenue, Montreal 25, Que. Meet- 
ings January and June. 

Section oF RaproLtocy, CANADIAN MepIcaL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociETE CANADIENNE-FRANCAISE D’ELEcTRO-RADIOLOGIE 
MEDICALES 
General Secretary, Dr. Ls Ivan Vallée, 1058 rue St-Denis, 
Montreal 18, Canada. Meets third Saturday each month. 

or RaproLocists (AUSTRALIA AND New ZEa- 
LAND) 

Honorary Secretary, Dr. Alan R. Colwell, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W. 


SouTH AMERICA 


Asocracion ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Lidio G. Mocsa, Avda. Gral. Paz 151, 
Cérdoba, Argentina. Meetings held monthly. 

SocrEDAD ARGENTINA DE RaproLocia, Junta CENTRAL, 
Buenos AIRES 
Secretary, Dr. Oscar F. Noguera, Santa Fe 1171, Buenos 
Aires. Meetings are held monthly. 


F 
| 
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ARGENTINA DE FILIAL DEL LirorAL, 
SepE, Rosario 
President, Dr. Francisco P. Cifarelli. Meets monthly sec- 
ond Wednesday, 19 ha 663 Italia St., Rosario, Santa 
Fe. 

SocieEDAD ARGENTINA DE Rapro.ociA, FILIAL DEL Sur, 
Seve, La Piatra 
President, Prof. Dr. Jose P. Uslenghi, La Plata. Meets 
monthly. 

SoclEDAD ARGENTINA DE RADIOLOGIA, FILIAL DEL CENTRO 
Seve, 
President, Prof. Dr. David L. Caro, Corro 86, Cérdoba. 
Meets monthly. 

SocrEDAD ARGENTINA DE Rapro.ociA, FILiaAL DEL Norre, 
SepDE, TuCUMAN 
President, Dr. Julio Mendez Valladares, Rivadavia 358, 
Tucuman. Meets monthly. 

SociEDAD ARGENTINA DE RapioLocia, FILiaL DE Cuyo 
Sepe, MenpDoza. 
President, Dr. J. A. Orfila, Hospital Central, Mendoza. 
Meets monthly. 

SociEDADE BrASILEIRA DE RapioLocia Mepica 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. Meets monthly, except during January, 
February and March. 

SociEDADE BrASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 Sao Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in Sao Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Luis E. Lozano B., Carrera 12 No. 20-69, 
6° piso, Bogota, Colombia. Meets last Thursday of each 
month. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary General, Dr. Amador Holgado V. Apartado 
2306, Lima, Peru. Meets monthly except during January, 
February and March, at Asociacién Médica Peruana 
“Daniel A. Carrién,” Villalta, 218, Lima. 

SociEDAD DE CANCEROLOGIA 
Mepica DEL UruGcuay 
Secretary, Dr. Arias Bellini, Av. Agraciada 1464, Piso 13, 
Montevideo, Uruguay. 


FIsIca 


ConTINENTAL Europe 

Société BELGE DE RADIOLOGIE 
General Secretary, Dr. S. Masy, 111 Avenue des Allies, 
Louvain, Belgium. Meets monthly, second Sunday at 
Maison des Médecins, Brussels. 

SociéTE Francaise MEDICALE, 
and its branches: pu Sup-Ovesrt, pu LirroraL 
MEDITERRANEEN, DU CENTRE ET DU LYONNAIS, DE 

L’OuEST, DE L’Est, ET D’ALGER ET D’AFRIQUE DU NorD 


FEBRUARY, 1956 


Secretary-General, Dr. A. Dariaux, 9 bis, Boulevard 
Rochechouart, Paris [X°, France. 
CESKOSLOVENSK SPOLECNOST PRO 

RapioLoci v Praze 

Secretary, Dr. Roman Blaha, Praha x11, stat. nemocnice, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 

DeruTscHE RONTGEN-GESELLSCHAFT 
Secretary, Dr. med. Peter Kréker, Evangelisches Kran- 
kenhaus, Huyssens Stiftung, (22a) Essen. 

Societa ITALIANA D1 RaproLtocia MeEpIca 
Secretary, Prof. Mario Ponzio, Ospedale Mauriziano. 
Torino, Italy. Meets biannually. 

NEDERLANDSE VERENIGING VOOR 
ROENTGENOLOGIE 
Secretary, Dr. B. J. Rethmeier, Bornsestraat 378, Almelo, 
Netherlands. 

Po.tsH Society oF RapIoLocy 
Secretary, Dr. L. Zgliczynski, 59 Nowogrodzka St., War- 
saw Poland. 

GpanskK Section, PotisH Society oF RADIOLOGY 
Secretary, Dr. A. Smigielska, Akademia Lekarska, 
Gdansk. Meets monthly last Sunday at 10:30, X-Ray 
Dept., Akademia Gdansk. 

Wroctaw Section, Society or RapioLocy 
Secretary, Dr. R. Marciniak, Akad. Medyczna Wroclaw, 
68 Curie-Sklodowska St., Wroclaw, Poland. Meets first 
Sunday of each month, X-Ray Department, Akademia 
Medyczna Wroclaw. 

SociETATEA ROMANA DE RaADIOLOGIE sI ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banual Maracine, 30, 
S.I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

ROENTGEN Ray Association, LENINGRAD 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 

SocieEDAD Espanola DE RapIoLoGiA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

SCHWEIZERISCHE RONTGEN-GESELLSCHAFT 
SuIssE DE RaDIOLoGIr) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


RENTGENOLOGII A 


ELECTROLOGIE EN 


(SocrETE- 


INDIA 
INDIAN RaDIOLOGICAL AssOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


I 
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SYMPOSIUM ON FUNDAMENTAL 
CANCER RESEARCH 

The Ninth Annual M. D. Anderson Sym- 
posium on Fundamental Cancer Research will 
be held on March IO, 11 and 12, 1955, at the 
University of Texas, M. D. Anderson Hospital 
and Tumor Institute in the Texas Medical 
Center, Houston. 

The first day of the program will be a review 
of the current research projects at the hospital. 
This will be followed in the evening by the first 
formal gathering for the Symposium: a dis- 
cussion of ““The Epidemiology of Cancer” by 
Miss Eleanor Macdonald of the Anderson Hos- 
pital staff, followed by a presentation on “Ex- 
perimental Design” by Dr. John Fertig, Profes- 
sor of Columbia University Medical School, 
Department of Statistics. 

The second day of the Symposium will be 
devoted to “The Histochemistry of Cancer.” 
Dr. George Gomori of the University of Chi- 
cago, who will be the Chairman of this program, 
has chosen six national figures as speakers. 

The third and final day of the Symposium 
will be devoted to presentations reflecting cur- 
rent cancer research in the Southwest for which 


Dr. A. Clark Griffin of M.D. Anderson Hos- 


pital has assembled an interesting series of 


papers. 

The Bertner Award for outstanding contri- 
bution in the field of cancer will be made the 
evening of March 11, 1955, at a banquet to be 
held at the Doctors’ Club in the Jesse Jones 
Library Building of the Texas Medical Center, 
Houston, Texas. 


COURSE SCHEDULE OF OAK RIDGE 
INSTITUTE OF NUCLEAR STUDIES 
The Oak Ridge Institute of Nuclear Studies 
has announced the following course schedule: 
Basic Courses in the Techniques of Using 
Radioisotopes: January 10-February 4; Febru- 
ary 21~March 18; May 2—May 25 (special class 
for noncitizens); June 6—-July 1; July 11—Au- 
gust §; August 15—September 9, 1955. 
Industrial Uses of Sealed Radioactive Sources: 
April 18-29, 1955. 
Basic Survey Medical Course: May 16-21 
1955. 
_ In addition, the Institute is contemplating a 
fall course in clinical techniques of isotope use 
at the technician level, and is asking for in- 
quiries and suggestions relative to the need and 
conduct of such a session. 


Society Proceedings, Correspondence and News Items 315 


The Basic Radioisotope Techniques Courses 
are open to scientists in all fields and are de- 
signed for individuals starting work with 1so- 
topes. 

Industrial Uses of Sealed Radtoactive Sources 
will be held in two sections, and participants 
may enroll for one or both weeks: 

“Safe Handling of Sealed Sources,” the first 
week, is designed for personnel in a position to 
direct or teach others in the uses of radioactive 
sources. Its purpose is to familiarize enrollees 
with various sealed sources, and with some of 
the problems involved in their handling, with 
particular emphasis on radiation hazards and 
methods in personnel safety; a background for 
understanding the basic principles of radioac- 
tivity will be provided. Lectures will deal with 
practical industrial problems concerning such 
subjects as detection of radioactive materials, 
biological effects of radiation, and radiation pro- 
tection; laboratory experiments will be per- 
formed on commercially available sealed sources 
and will cover such topics as shielding, wipe 
tests, plotting of isodose curves, scattering, in- 
verse square law, and radiography. 

The second week, “Industrial Applications of 
Sealed Sources,” is intended for supervisory 
personnel, and will present surveys of uses of 
both the gamma-emitting sealed sources and 
beta-gauging devices. A review of typical tech- 
niques will be given, and it is expected that a 
number of manufacturers of sealed sources will 
send representatives to demonstrate their 
products. Lecture subjects will concern the de- 
sign and selection of sources, radiography, 
gauging devices, instrumentation, location and 
storage of equipment, and legal aspects in the 
use of radioisotopes. Discussion periods will be 
devoted to problems brought up by the partici- 
pants, manufacturers’ representatives, and the 
staff. 

The Basic Survey Medical Course will empha- 
size routine clinical applications of radioiodine, 
radiophosphorus, radiogold, and teletherapy, 
and will be basic in nature. 

Further information and application blanks 
may be had by writing Dr. Ralph T. Overman, 
Chairman, Special Training Division, Oak 
Ridge Institute of Nuclear Studies, P. O. Box 
117, Oak Ridge, Tennessee. 


RADIATION BALANCE 


A radiation balance microcalorimeter 
cently developed by Dr. W. B. Mann of the 
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National Bureau of Standards precisely deter- 
mines the emission rate of low activity radio- 
active sources. The instrument does this by 
measuring the minute amounts of heat energy 
which accompany radioactive emission. The de- 
vice is extremely compact and requires a rela- 
tively short time to complete a determination. 
It can be used to determine the intensity of a 
single source or to compare two sources of 
nearly equivalent energy emission. 

A primary function of the National Bureau of 
Standards is the custody and maintenance of 
the national standards of physical measure- 
ment to meet the needs of science and industry. 
The Bureau’s first standard of radioactivity was 
brought to this country by Marie Curie in 1913. 
Subsequently two Hoénigschmid radium stand- 
ards were acquired to calibrate and compare all 
of the radium sources produced and sold in this 
country. With the development of atomic 
energy and the tremendously increased use of 
radioisotopes, the demand for National Bureau 
of Standards certification of radioactive sources 
increased appreciably. To accommodate this 
new work, the radiation balance was developed 
and investigated as a possible supplement to 
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existing instruments. It is capable of rapid, 
accurate determinations, and is expected to aid 
materially in the certification work. 

A calorimeter embodying the principles used 
in this radiation balance was first described by 
H. L. Callendar in 1g1o. With this calorimeter, 
which he called a _ radio-balance, Callendar 
made measurements of solar radiation and also 
carried out a somewhat preliminary measure- 
ment of the energy emitted in unit time from a 
sealed source of radon. Since that time, apart 
from a determination of the Stefan-Boltzmann 
radiation constant by Hoare in the early 1930s, 
no other reference to the radio-balance has oc- 
curred in the scientific literature. 


GEORGIA RADIOLOGICAL SOCIETY 


The Georgia Radiological Society met jointly 
with the Florida Radiological Society at Ponte 
Vedra Beach on November 20 and 21, 1954. 
Dr. H. S. Weens, Professor of Radiology at 
Emory University School of Medicine, ad- 
dressed the gathering on “Basic Considerations 
in Intravenous Cholangiography.” A joint film 
reading session and separate business sessions 
were held. 
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BOOK REVIEWS 


Books sent for review are acknowledged under Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


THE ROENTGENOLOGIST IN Court. By Samuel 
Wright Donaldson, M.D., Roentgenologist, 
St. Joseph Mercy Hospital, Ann Arbor, 
Michigan. Second edition. Cloth. Price, 
$7.75. Pp. 358. Charles C Thomas, Publisher, 
301 East Lawrence Avenue, Springfield, 
Illinois, 1954. 


This book now occupies a place of its own in 
medical literature. It is the one reliable au- 
thority on its subject, a subject which is assum- 
ing more and more importance, not to the radi- 
ologist alone but to all practitioners of medicine. 

In matters pertaining to the law the doctor 
finds himself in a new world which is strange to 
him and which he enters usually with fears and 
misgivings. The second edition of Dr. Donald- 
son’s book, like the first, helps to dispel his 
fears and furnishes him with information and 
advice which will enable him to conduct him- 
self with honor and confidence when he is called 
to act as a witness or to defend himself in dam- 
age suits. 

The book is easy to read, interesting through- 
out, but many sections require and deserve care- 
ful and detailed study. Excellent advice is 
given upon how to avoid and how to defend 
oneself in malpractice suits; how to conduct 
oneself as a witness in liability suits in courts of 
law and before compensation boards; upon the 
rights and duties of the doctor as an expert 
witness; upon the legal status of the physician 
as an employee of an institution or group, or as 
the member of a partnership; and upon numer- 
ous other questions with which every doctor for 
his own safety should be familiar. 

Every physician should take note of a state- 
ment repeated more than once in various con- 
nections in this book, namely, that a consider- 
able percentage of malpractice suits against 
doctors are directly attributable to injudicious, 
careless, or even malicious remarks of some 
member of the medical profession. Dr. Donald- 
son’s emphasis upon this unfortunate fact 
should impel every doctor to memorize and 
take to heart two verses of the Thirty-Ninth 
Psalm, quoted by Dr. Osler in his famous book, 
“Aequanimitas”’: “I said I will take heed to my 
ways, that I offend not in my tongue. I will 
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keep my mouth as it were with a bridle.” 

“The Roentgenologist in Court” is a book for 
every practitioner of medicine, but it has a 
unique and highly important place in the li- 
brary, or rather on the desk, of the radiologist. 


A. C. Curistie, M.D. 


LEHRBUCH DER RONTGENOLOGISCHEN  Dir- 
FERTIALDIAGNOSTIK. Bant I. Erkrankungen 
der Brustorgane. Von Werner Teschendorf, 
Koln. Dritte, verbesserte und wesentlich 
erweiterte Auflage. Cloth. Price, DM 129.-. 
Pp. 954, with 1030 illustrations. Georg 
Thieme, Diemershaldenstrasse, 47, Stuttgart, 
Germany (Grune & Stratton, Inc., New 


York, New York), 1952. 


This is the first volume of a two volume work 
on roentgenological differential diagnosis. This 
volume takes up Diseases of the Organs of the 
Chest. The second volume concerns the Ab- 
dominal Organs. The arrangement of the book 
is in many ways unusual. The four main divi- 
sions are differential diagnosis of the roentgen 
appearance of the lungs, of the heart, of the 
esophagus and of the diaphragm. Within these 
main chapters, the text is not arranged accord- 
ing to diseases, but rather according to gross 
roentgenological changes. For instance, the 
main chapters of the differential diagnosis of 
the roentgen appearance of the lung are: I. 
Opacification of one-half of the chest. 2. Opacifi- 
cation of individual parts of the lung. 3. The 
different forms of tuberculosis. 4. Differential 
diagnosis of round and large foci in the lung. 5. 
Differential diagnosis of fine mottling in the 
lung. 6. Differential diagnosis of linear shadows 
in the lung. 7. Cavities and other abnormal air- 
containing spaces in the chest. 8. Differential 
diagnosis of bronchiectasis and contrast filling 
of the bronchi. 9. Differential diagnosis of the 
hilar area. 10. Differential diagnosis of changes 
in the mediastinal shadow. This unusual ap- 
proach creates difficulties for the reader who is 
looking for some specific information. An ex- 
cellent index helps somewhat to overcome this 
difficulty. It permits one to find the place of the 
principal discussion of the various diseases, and 
also the references to other lesions which might 
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be important in the differential diagnosis. 

The main objection to the purely descriptive 
rather than etiologic system of the book, how- 
ever, is the fact that such a system seems 


hardly to be recommended for the teaching of 


the young physician who should learn to un- 
derstand radiology as applied pathology. In 
addition, the book appears antiquated in vari- 


ous places, for instance in the illustration of 


interlobar effusions where it represents view- 
points which have long proved to be erroneous, 

The experienced reader will recognize the 
shortcomings, but will also often find this book 
with its unconventional approach interesting 
and stimulating. 

The illustrations are excellent and so is the 
printing. 

RicHARD M.D. 


LEHRBUCH DER RONTGENDIAGNOSTIK. Von 
H. R. Schinz, W. E. Baensch, FE. Friedl, E. 
Uehlinger nebst Beitragen von EK. Branden- 
berger, A. Brunner, U. Cocchi, N. P. G. 
Edling, J. Eggert, F. K. Fischer, M. Holz- 
mann, H. Krayenbuhl, A. Lindbom, Lind- 
gren, G. A. Preiss, S. Welin, A. Zuppinger. 
Fiinfte, vdllig neu bearbeitete und vermehrte 
Auflage. 7. Lieferung. Innere Organe. Paper. 
DM 89.-. Pp. 454, with 516 illustrations. 
Georg Thieme, Diemershaldenstrasse, 47, 
Stuttgart, Germany (Grune & Stratton, Inc., 
New York, New York), 1952. 

LEHRBUCH DER RONTGENDIAGNOSTIK. Von 
H. R. Schinz, W. E. Baensch, E. Friedl, F. 
Uehlinger nebst Beitrégen von E. Branden- 
berger, A. Brunner, U. Cocchi, N. P. 
Edling, J. Eggert, F. K. Fischer, M. Holz- 
mann, J. Krayenbihl, A. Lindbom, FE. Lind- 
gren, G. A. Preiss, S. Welin, A. Zuppinger. 
Finfte, vollig bearbeitete und vermehrte 
Auflage. 8. Lieferung. Innere Organe. Paper. 
Price DM 96.-. Pp. 449, with 559 illustra- 
tions. Georg Thieme, Diemershaldenstrasse, 
47, Stuttgart, Germany (Grune & Stratton, 
Inc., New York, New York), 1952. 


The comments in review of the previous vol- 
umes of this work apply to these last two vol- 
umes. Volume 7 deals with the aorta and pe- 
ripheral vessels to complete the cardiovascular 
system, and then carries the presentation of the 
alimentary tract from mouth through small 
intestine and appendix. 

Volume 8 continues the discussion of the 
alimentary tract with sections on the colon, 
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liver, gallbladder, and biliary ducts. The pan 
creas, spleen and adrenals are also allotted 
separate sections. Then an extensive section 
deals with the genitourinary systems and roent- 
gen diagnosis in pregnancy. 

Another example of the ramifications of this 
work is the 2c-page chapter in Volume 8 on the 
hereditary factors in abnormalities of the ali- 
mentary and genitourinary tracts, replete with 
genealogical tables. 


Henry G. Moeurine, M.D. 


THe Breast 1x Roenrcen Diacnosis. By 
Raul A. Leborgne, M.D., Head of Radiologic 
Department of the Instituto de Radiologia 
y Centro de Lucha contra el Cancer, Hos- 
pital Pereira Rossell, Montevideo, U ruguay. 
English translation by Lucy Crocker de 
Leborgne. Cloth. Pp. 200, with 307 illustra- 
tions. Impresora Urnguaya S. A., Juncal, 
1511, Montevideo, Uruguay, 1953. 


The author for years has systematically stud- 
ied the value of plain and contrast mammog- 
raphy in the diagnosis of various lesions of the 
breast and has made numerous important con- 
tributions to the literature. 

In this excellent book he now gives a detailed 
account of the present status of the method by 
drawing liberally upon the vast clinical and 
roentgenological material of the Instituto de 
Radiologia y Centro de Lucha contra el Cancer 
of Montevideo from which most of the work 
originated. 

The subject is divided into seven chapters, 


two dealing with the author’s technique of 


mammography, including intraductal biopsy 
and intraductal rinse and the roentgenologic 
anatomy of the breast, and five relating in 
extenso to the pertinent findings in carcinoma, 
fibrocystic mastopathy, fibroadenoma, mastitis 
and some rarer lesions of the breast. The text is 
richly illustrated with photographs, photomi- 
crographs, artist’s drawings and especially with 
reproductions of many beautiful mammograms 
permitting direct comparison with photographs 
of the surgical specimens. 

It is the author’s considered opinion that, al- 
though the technique of examination and the 
interpretation of the roentgen findings will un- 
doubtedly be further improved, the results al- 


ready obtained justify the recommendation of 


the systematic use of the method as a comple- 
ment to clinical study in all cases of mammary 
complaints. 
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The book is well written and its printing and 
engravings are of the highest quality. It is pri- 
marily intended for roentgenologists but will 
also prove very useful to surgeons and to every- 
one interested in an investigative approach to 
the diseases of the breast. 


T. Leucutia, M.D. 


Gastric Cancer. By Alfred H. Iason, M.D., 
Attending Surgeon, Adelphi Hospital; Direc- 
tor of Surgery, Brooklyn Hospital for the 
Aged; Surgeon, Manhattan General Hospital; 
Instructor in Anatomy, New York Medical 
College and Flower Hospital. Illustrations by 
Alfred Feinberg, Instructor of Medical Illus- 
tration, Department of Pathology, College of 
Physicians and Surgeons, Columbia Uni- 
versity, New York, New York. Cloth. Price, 
$7.50. Pp. 316, with 98 illustrations. Grune & 
Stratton, Inc., 381 Fourth Avenue, New 
York 16, New York, 1953. 


This book presents a moderately compre- 
hensive review of much of the available knowl- 
edge of cancer arising in the stomach and distal 
esophagus. Beginning with a detailed discussion 
of the anatomy of the upper gastrointestinal 
tract, the Histology, Incidence, Etiology, 
Pathology, Symptomatology, Diagnosis, Prepa- 
ration, Anesthesia, Surgery, Post-Surgical 
Treatment, Complications and Prognosis of 
gastric cancer are dealt with in order. 

The clinical management of patients with 
cancer of the stomach is discussed in some de- 
tail. A good bibliography is appended but 
rarely does the author call upon his own experi- 
ences to clarify controversial points. Some of 
the concepts presented, particularly in regard 
to parenteral fluid therapy, are outmoded. Like- 
wise, some newer supplementary measures, 
such as the use of efocaine as a long-acting local 
anesthetic agent for the control of postopera- 
tive intercostal neuralgia, are ascribed an im- 
portance which is open to question. Little refer- 
ence is made to the controversial subject of 
extending the use of total gastrectomy in early 
gastric cancer. 

The book is attractively bound in blue velum 
and is well illustrated. The major operative pro- 
cedures utilized in gastric surgery are well de- 
scribed and illustrated but ten photomicro- 
graphs of the rare squamous cell carcinoma of 
the stomach are ambiguously reproduced with- 
out editorial comment. 

The radiologist will find this a helpful book 
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primarily as a source for general information 
concerning gastric cancer, outside of his own 
field. 

FREDERICK A. Cotter, M.D. 


THE RoENTGEN ASPECTS OF THE PAPILLA AND 
AmPULLA OF VaTER. By Maxwell H. Poppel, 
M.D., F.A.C.R., Professor of Radiology, New 
York University Post-Graduate Medical 
School; Director of the Roentgen Ray De- 
partment, Bellevue Hospital; Consultant in 
Radiology, Veterans Administration Hos- 
pital, Bronx, New York; Consulting Radi- 
ologist, United States Naval Hospital, St. 
Albans, Long Island; Roentgenologist, New 
York University Hospital; Harold G. Jacob- 
son, M.D., F.A.C.R., Director, Department 
of Roentgenology, Hospital for Special Sur- 
gery; Associate Clinical Professor of Radi- 
ology, New York University Post-Graduate 
Medical School, New York, New York; 
Attending in Radiology, U. S. Veterans Ad- 
ministration Hospital; Formerly, Chief, Ra- 
diology Service, U. S. Veterans Administra- 
tion Hospital, Bronx, New York; and Robert 
W. Smith, M.D., Senior Resident in Radi- 
ology, Veterans Administration Hospital, 
Bronx, New York. Cloth. Pp. 211, with 150 
illustrations. Charles C Thomas, Publisher, 
301 East Lawrence Avenue, Springfield, 
Illinois, 1953. 


This little monograph covers quite exten- 
sively a rather limited subject. It is in a way an 
appendix to the larger work of the senior author. 

Anatomy, embryology, and physiology of the 
lower end of the common bile duct are all de- 
scribed at length, with emphasis of course on 
the roentgenological aspects. The technique of 
examination is detailed and many interesting 
examples of demonstration of the ampullas are 
shown. The limited number of diseases which 
are involved is likewise exhaustively covered 
from the point of view of diagnosis, and it Is 
here that the volume is most characteristically 
a supplement to ““The Roentgen Manifestation 
of Pancreatic Disease.” 

Throughout, the presentation is orderly and 
clear. Detailed information is available for 
those who want it, but the organization of the 
volume is such that it is easy to find the answer 
to a specific question without unnecessary detail. 

The index is good, and a large number of 
excellent illustrations enhances the practical 
value of the volume. The book would be of 
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value to surgeons and internists if only to dis- 
play some of the possibilities of roentgen diag- 
nosis. It is a companion volume to “The Roent- 
gen Manifestation of Pancreatic Disease.” 

E. F. Lance, M.D. 


A Co.tection oF Drawincs. By 
William P. Didusch. Pp. 222, with 243 fig- 
ures and legends, some in color. Cystoscope 
Makers, Inc., 1241 Lafayette Avenue, New 
York 59, New York, 1952. 


This atlas represents illustrations of genito- 
urinary anatomy, anomalies, and pathology 
selected from over 4,000 drawings made by the 
author, a medical artist, between the years 
1915 and 1952. 

The illustrations appear in both black and 
white, and in color. They are magnificantly 
drawn in every detail to the extent that they 
appear real. The drawings were made from 
specimens taken at the operating or autopsy 
table, or as observed through the cystoscope. 

The atlas is well organized, beginning with 
several detailed drawings of the anatomy of the 
genitourinary system. This is followed by the 
selected pathological specimens of the genital 
and urinary organs: kidney, ureter, bladder, 
prostate, urethra, penis, scrotum, genital ab- 
normalities, and adrenal diseases. 

This is one of the best atlases of gross 
pathology which the reviewer has seen. It is 
well recommended for any private or hospital 
library, particularly for the urologist and the 
radiologist. 

Roserr C. M.D. 


Convact Dermatitis. By George L. Wald- 
bott, M.D., F.A.A.A., F.A.C.A., F.I.A.A., 
F.A.C.P., Senior Physician, Harper Hospital; 
Chief of Division of Allergy, Assistant Physi- 
cian, Grace Hospital; Chief of Allergy Clinic, 
Formerly, Director of Allergy Clinic, Chil- 
dren’s Hospital of Michigan; Formerly, Con- 
sultant Allergist, St. Mary’s Hospital and 
North End Clinic, Detroit, Michigan. Cloth. 
Price, $8.75. Pp. 232, with 322 illustrations. 
Charles C Thomas, Publisher, 301 East 
Lawrence Avenue, Springfield, Illinois, 1953. 


The administration of roentgen therapy and 
treatment of skin eruptions does not always 
necessitate knowledge of the etiologic factor 
involved, but the radiologist acquainted with 
potential etiologic factors is a better consultant, 
both for the patient and referring physician. 
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This book, therefore, should be of great interest 
to any radiologist whose practice includes the 
treatment of skin lesions. 

The text of this monograph bears upon the 
practical side of the subject, avoiding details of 
chemical analysis and presenting the material 
much as a physician might manage a case in his 
office. 

Dr. Waldbott states that careful observation 
of the pattern of dermatitis produced by cer- 
tain objects is by far the most reliable clue for 
the detection of its cause. This is particularly 
well illustrated by patterns on the hand, where 
a large number of dermatological lesions occur. 
He also demonstrates the manner in which 
these patterns might be altered by secondary 
infection or irritant medication. A comparison 
with similar skin lesions, such as atopic derma- 
titis, seborrheic dermatitis, fungus infection, 
stasis dermatitis, nummular eczema and many 
other common skin conditions aids in differenti- 
ating these lesions from contact dermatitis. The 
list of potential irritants includes numerous 
common household and office items, as well as 
drugs, cosmetics, plants occupational 
hazards. Concise charts and tables make this 
book particularly practical, correlating the 
causative agent with the skin surface usually 
involved. A practical approach to therapy is 
also presented as well as the diagnostic cri- 
terion. The book contains over a hundred ex- 
cellent illustrations and many charts and tables 
which simplify the intricate detective task in- 
volved in determining the cause of contact 
dermatitis. The book presents an original con- 
cept and a new approach to the diagnosis and 
management of troublesome skin eruptions. 


K. K. Larrerer, M.D. 


TuHirD ANNUAL Report on Srress. By Hans 
Selye, M.D., Ph.D. (Prague), D.Sc. (Mc- 
Gill), F.R.S. (Canada), Professor and Direc- 
tor of the Institut de Médecine et de Chirur- 
gie expérimentales, Université de Montréal; 
and Alexander Horava, M.D. (Lausanne), 
Research Associate and Librarian of the In- 
stitut de Médecine et de Chirurgie expéri- 
mentales, Université de Montréal. Cloth. Pp. 
637, with illustrations. Acta, Inc., 5465 
Decarie Boulevard, Montreal 29, Quebec, 
Canada, 1953. 


This volume on stress follows the pattern of 
the two previous reports, covering the com- 
plete literature of 1953 dealing with stress. Dr. 
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Selye again enlists the services of Dr. Alex- 
ander Horava, research associate and librarian 
of the Institute of Medicine and Experimental 
Surgery at the University of Montreal. Stress, 
as shown in this and the previous volume and 
reports on this subject, reaches into every 
branch of medicine. This volume represents a 
tremendous amount of “organized and well 
coordinated effort covering the vast field of 
stress.” The amount of detailed effort going 
into this third volume is shown by the fact that 
there are 5,741 references, with elaborate in- 
dexing and cross-indexing. What a tremendous 
growth this subject has had is evidenced by the 
fact that “‘the entire series offers a classified 
guide system to approximately 20,271 refer- 
ences on stress, the adaption syndrome and the 
adaptive hormones.” The author reference in- 
dex is made conspicuous by being given on 
yellow paginal marking. Part I deals with gen- 
eral physiology and pathology of stress; Part II 
with special physiology and pathology of stress, 
and Part III is termed “After Thoughts, Sketch 
for a Unified Theory of Medicine.” These spe- 
cial chapters require concentrated reading. The 
concepts advanced are supported by the ex- 
perimental work of Selye and associates as well 
as others. A new feature of the third volume is 
the addition of three special articles namely: 
(1) “Hypertension,” by D. M. Green. (2) 


‘“Neurophysiological aspects of the control of 


ACTH secretion,” by R. W. Porter. (3) “The 
effects of bilateral total adrenalectomy in dia- 
betics with advanced vascular disease,” by 
J. T. Wortham and J. W. Headstream. 

The concept of the general adaptation syn- 
drome (G. A. S.) is given in the first part of the 
book and there is also given a detailed explana- 
tion how to use the book. The authors again 
state, as they did previously, that “‘these books 
are obviously not meant to be read from cover 
to cover.” The reading is not easy and requires 
a knowledge of abbreviations used and fortu- 
nately there are six pages devoted to definitions 
and terminology. Anyone interested in the 
adaptation syndrome in any field will need 
these reference books. 


Rosert C, Moeutic, M.D. 


AnnuaL Review or Nuc ear Science. Vol- 
ume 2. J. G. Beckerley, Editor. Cloth. Price, 
$6.00. Pp. 429, with numerous illustrations. 
Annual Reviews, Inc., Stanford, California, 
1953. 
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This second volume of the Annual Review of 
Nuclear Science differs from the first of the 
series in that it omits references to the biomedi- 
cal aspects of radiation. It consists of sixteen 
articles competently written by authorities in 
the field covering the literature to as late as 
July, 1952. 

Four chapters survey and discuss subjects of 
astronomical and geochemical interest in the 
light of known nuclear reactions. They are: (a) 
Origin and propagation of cosmic rays, by Bier- 
mann; (b) The origin and abundance distribu- 
tion of the elements, by R. A. Alpher and R. C. 
Herman; (c) Energy production in stars, by 
E.. E. Salpeter, and (d) The production and dis- 
tribution of natural radiocarbon, by E. C. An- 
derson. With the exception of the first which, in 
parts, is of necessity highly mathematical, these 
articles are engrossingly written and cannot fail 
to be enjoyed by the inquiring mind. The micro- 
cosmos of the atomic nucleus and its conse- 
quences is the concern of the rest of the volume; 
thus three articles by Templeton, Strauch, and 
Spence and Ford, respectively, discuss results 
of the interaction of high energy particles and 
photons with nuclei, whereas four chapters by 
Frauenfelder, Konopinski and Langer, Coryell 
and Feld survey the properties of nuclei and the 
radiations emitted by them. These articles, 
though rather highly specialized, are interest- 
ingly written and far from being a series of 
annotated bibliographies, contain comments 
and useful criticisms. An article on recent prog- 
ress in accelerators by Chu and Schiff covers 
the kevatron-bevatron range with perception of 
important details and remarkable economy of 
space. Blair and Chew offer a critical analysis 
of our knowledge of subnuclear particles 
(mesons) and Breit and Gluckstern delve into 
the advances of nucleon-nucleon scattering ex- 
periments and their theoretical consequences. 
The remaining two articles by Dienes and 
Bigeleisen survey respectively the radiation 
effects in solids and chemical properties of mat- 
ter which are affected by the nuclear mass. 

It is difficult to state to what extent a volume 
of this sort may interest a radiologist or a radio- 
biologist. The radiological physicist and the 
radiochemist interested in keeping up the gen- 
eral trend of the field will like to consult it. As 
a ready source of reference, the extensive bibli- 
ographies attached to each chapter are invalu- 
able. 


L. D. MaRINELLI 
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ROENTGEN DIAGNOSIS 
HEAD 


P. Tuomas, Jr. The x-ray diag- 
nosis of orbital tumors. South. M. F., March, 
1954, 47, 231-234. 

The early diagnosis of orbital tumors is very diffi- 
cult and very important since exploration of an orbit 
surgically is such a hazardous procedure that it 
should not be done unless there is a mass palpable 
somewhere in the orbit. Unilateral exophthalmos 
alone is not sufficient reason for exploring an orbit 
surgically. 

The radiologist is very helpful to the ophthal- 
mologist in the early diagnosis of orbital tumors. 
Such a diagnosis can be made in almost half the 
cases. The following signs should make one suspect 
a malignancy of the orbit and should be an indication 
for complete roentgenological studies: 

1. Unilateral exophthalmos. 

2. Retrobulbar neuritis or prolonged unilateral 

papilledema. 

3. Ocular tumors which may have spread poste- 

riorly. 

Palpable mass. 

s. Unilateral optic atrophy or unexplained field 
defect. 

Increased soft tissue density, bone changes, or en- 
largement of the orbit may give one a clue to the 
diagnosis. New techniques which have been devel- 
oped are laminagraphy, artificial orbital emphysema, 
cerebral arteriography, and orbitography. 

Laminagraphy makes it possible to examine tissue 
in the orbit at various depths. Artificial orbital 
emphysema is produced by injecting from 10 to 30 
cc. of air into the orbit and then making roentgeno- 
logical studies. This may outline a tumor mass. 
Cerebral arteriography is of use mainly when “‘stain- 
ing” occurs because this actually demonstrates the 
tumor itself. 

The author describes orbitography in detail. This 
has been in use during the last year at Emory Uni- 
versity in association with Dr. Jose Bonmati. The 
complications of the method include irritation and 
occasional necrosis. Preliminary injection of hyalu- 
ronidase prepares the tissues and has prevented this 
necrosis. The opaque material is then injected and 
outlines the tumor mass. 

If all these methods fail to demonstrate the tumor 
mass, a short period of roentgen therapy followed by 
observation may reveal complete disappearance of 
the symptoms.—WNeal F. Yeomans, M.D. 


SHAPIRO, Ropert, and Rosinson, FRANKLIN. 
Controlled pneumoencephalography; a con- 
sideration of head position and gas-fluid re- 
placement. ¥. Neurosurg., March, 1954, 
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The authors wish to re-emphasize the technique 
developed by Robertson and Lindgren, which evi- 
dently has not received in this country the attention 
it merits. 

The method assures adequate visualization of the 
third and fourth ventricles, the sylvian aqueduct and 
the subarachnoid cisterns. Unlike prevalent tech- 
niques utilizing relatively large amounts of gas in- 
jected following lumbar puncture and aspiration of 
cerebral spinal fluid, this method depends essentially 
on the injection of gas following lumbar puncture 
and before removal of cerebral spinal fluid. 

With the patient seated and the head slightly 
flexed, gas introduced by lumbar puncture into the 
subarachnoid space rises to the cisterna magna, then 
through the foramen of Magendie to the fourth ven- 
tricle, the aqueduct and the posterior portion of the 
third ventricle. Shuuld these not be visualized on the 
roentgenograms, then minor adjustments in the po- 
sition of the head will be necessary. 

After removal of 5 to 8 cc of cerebrospinal fluid, 
additional gas (10 to 1§ cc.) is injected (total 20 to 
30 cc. of gas). Visualization of the sulci over the 
cerebral convexities may be obtained by injecting 
an additional 5 to 10 cc. with the head in marked 
flexion. 

The success of this procedure requires attention to 
every detail and constant direction during the exami- 
nation. 

Reproductions of excellent roentgenograms with 
accompanying sketches are presented, together with 
a list of the recommended positions during the exami- 
nations.—William H. Shehadi, M.D. 


MarANon, G., and ArMenGaAub, F. GALvez. 
Chronology of the sphenoidal sinus and its 
value in diagnosis. Brit. M. 7., April 3, 1954, 
1, 778-779. 

This study is based on some 8,000 roentgenograms 
of the heads of normal subjects or of patients with 
only very minor complaints with the purpose of de- 
termining the appearance of the sphenoid sinus of 
normal individuals of both sexes at various ages and 
especially the normal or pathological development 
of the sphenoid sinus between the ages of 3 to 16 
years. 

Their conclusions are: (1) Dimensions and shape 
of the sphenoid sinus are subject to wide variations. 
These are less marked than variations of the frontal 
sinus; (2) chronology of development of the sphenoid 
sinus is graphically shown in an accompanying dia- 
gram; (3) the sphenoid sinus is first visible at fairly 
constant age, ranging between 3 and 33 years. Nor- 
mally the sphenoid sinus does not increase after 16 
years of age; (4) in conditions of pituitary insufh- 
ciency, congenital or acquired, the development of 
the sphenoid sinus is hindered in variable degree. 
This is seen in pituitary dwarfism and infantilism, in 
myxedema of pituitary origin, and in mongolism. 
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The sinus is frequently solid in growth disturbances 

namely, achondroplasty and other conditions. In 
cases of underdevelopment associated with other 
disorders not directly connected with the pituitary 
gland, like rickets and other deficiency diseases, the 
development of the sphenoid sinus is the average for 
age; (5) the degree of underdevelopment of the 
sphenoid sinus is, roughly speaking, parallel with the 
degree of the hypothalamo-pituitary insufficiency. It 
constitutes, therefore, one of the indices of this hypo- 
function especially in cases of pituitary dwarfism and 
infantilism. The underdevelopment of the child, de- 
termined by comparing his cranial roentgenogram 
with the authors’ diagram, expresses, in cases of 
infantilism and dwarfism, the degree of inhibition of 
the general development in years. This corresponds 
exactly enough to that based on the comparison of 
the roentgenograms of the wrist or the knee with the 
classical graphs of development of epiphyseal growth 
cartilages and ossification centers of the peripheral 
skeleton; (6) underdevelopment of the sphenoid 
sinus is not exactly parallel with the underdevelop- 
ment of the other sinuses; (7) in cases of constitu- 
tional or pathological pituitary hyperfunction 
(acromegaly) the sphenoid sinus develops intensely, 
generally simultaneously with the other sinuses of the 
skull. 

The final conclusion of these authors is that the 
detailed study of the sphenoid sinus is absolutely 
necessary when examining a pathological cranium, 
and especially in cases of growth disturbances. 


William Loehr, M.D. 


NECK AND CHEST 


STRATEMEIER, E. H., and Barry, J. W. Torsion 
of the lung following thoracic trauma; a case 
report. Radiology, May, 1954, 62, 726-727. 


Numerous cases of thoracic and pulmonary trauma 
are reported in the literature. Descriptions are to be 
found of pneumothorax, hemohydrothorax, atelec- 
tasis, pulmonary edema, interstitial and alveolar 
hemorrhage, ruptured alveoli, and ruptured bronchi. 

A review of the literature reveals no reports of 
thoracic injury such as that reported by the authors. 
Their patient, a six year old boy, died about seven 
hours following severe trauma to the chest. At au- 
topsy the left lung was found to be inverted, with 
torsion at the root of the lung, massive pulmonary 
infarction on the left, and hemothorax. Multiple 
other injuries were present. 

It is assumed that the sudden compression of the 
thorax, by the weight of the vehicle inflicting the 
injury, caused collapse of the lower lobe and forced 
it cephalad. When the pressure was suddenly re- 
lieved, the lower lobe re-expanded in its new position, 
with the upper lobe depressed and only partially 
re-expanded. 

Roentgenograms of the chest, made immediately 
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after the trauma, showed a peculiar striated pattern 
in the mid-portion of the left lung field. This striation 
extended from the hilus laterally and there swept 
upward in a curving fashion. There was bilateral 
pneumothorax, more pronounced on the _ left.— 
Arno W. Sommer, M.D. 


Creiuin, J. Anrrim; LEHMAN, J. STAUFFER; 
Mason, Daniet; and Curry, Josepu L, 
Bronchographic studies in bronchiectasis be- 
fore and after pulmonary resection. 4m. Rev. 
Tuberc., May, 1954, 69, 657-672. 


Preoperative and postoperative bronchograms 
were obtained in 44 cases treated surgically for 
bronchiectasis. Special interest was directed toward 
a study of what changes, if any, occurred in the re- 
maining segmental bronchi following resective sur- 
gery. 

The clinical results of surgery were excellent in 
26 cases, good in 13 and fair or poor in 5. Postopera- 
tive bronchograms revealed no evidence of residual 
or new bronchiectasis in the operated lung in 25 
cases. In the remaining 19 cases, 4 had incomplete 
removal of the disease, 4 developed bronchiectasis as 
a result of complications following surgery, 10 de- 
veloped bronchiectasis in what were considered nor- 
mal bronchi prior to surgery. 

In all these cases there was a variable degree of 
distortion of the bronchi remaining, suggesting that 
this hindered drainage and probably caused the 
development of new pathology. 

There are excellent plates and drawings of 20 
bronchograms.—V/. L. Peterson, M.D. 


GREENING, Roy R., and PENpDERGRAss, Evu- 
GENE P. Postmortem roentgenography with 
particular emphasis upon the lung. Radiology, 
May, 1954, 62, 720-725. 
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In a ten year period the authors obtained post- 
mortem chest roentgenograms of over 300 cadavers. 
Correlations were made between the findings in 
antemortem, postmortem, and excised-tissue roent- 
genograms and those observed grossly and micro- 
scopically. 

Their technique is described in detail. Roentgeno- 
grams are made in the position employed for the 
living subject. The body is suspended by means of 
an orthopedic traction apparatus with chin and 
occipital straps, a canvas strap beneath each axilla, 
and a belt to anchor the body firmly against the 
cassette holder. A No. 15 spinal needle, inserted into 
the trachea, permits free ingress of air into the lungs. 
After the roentgenograms are made, the thoracic 
contents are removed by the Rokitansky method. 
Roentgenograms of the reinflated lungs are made 
after removal. 

The postmortem roentgenograms were compared 
with the antemortem studies and with the roentgeno- 
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grams of the excised lungs. It was found that many 
small lesions were being missed, and some relatively 
large lesions were not seen, even in restudy of the 
antemortem films. 

The lesion most commonly escaping demonstra- 
tion, on the routine conventional roentgen examina- 
tion of the chest, was found to be the small calcified 
or uncalcified nodule 3 mm. or slightly more in di- 
ameter. It was also found that, in almost every pa- 
tient with obvious metastatic disease, inflated, ex- 
cised lung revealed many more nodules than had 
been suspected or could be identified in the ante- 
mortem study. 

A third, although less common, type of lesion that 
is not demonstrated adequately is associated with 
some form of pneumoconiosis or lymphatic spread 
of cancer. Postmortem roentgenograms of the excised 
lungs in such cases have revealed diffuse nodulation, 
which was not seen on the antemortem films. Rarely 
a solitary nodule as much as § cm. in diameter may 
escape detection on conventional, technically good 
roentgenograms of the living patient, and likewise in 
the postmortem roentgenograms of the chest with all 
organs in situ. 

It is concluded that conventional roentgenog- 
raphy, although good, leaves much to be desired. 
For that reason, an investigation of very high volt- 
age ranges has been initiated for use in diagnostic 
radiology.—Arno W. Sommer, M.D. 


Krecu, WittiAMG., Srorey, Ciirrorp F., and 
Unmiker, C. Thymic cysts; a review 
of the literature and report of two cases. 7. 
Thoracic Surg., May, 1954, 27, 477-493. 


The authors divide thymic cysts into three groups: 
(1) congenital, (2) inflammatory, (3) neoplastic. 
Cysts resulting from infection appear invariably to 
be due to syphilis and were relatively more common 
in the past than they are now. Cysts occurring in 
thymic neoplasms can probably be attributed to 
degeneration and necrosis of the tumor. 

The non-neoplastic, non-infammatory cysts re- 
ported here are probably congenital in origin. The 
latter are thought related to branchial and cervical 
cysts and are usually derived from the third bran- 
chial pouch. The rarity of these tumors is exemplified 
by the fact that the literature contains reports of only 
8 thymic cysts being resected. To these 8 the authors 
add 2 more. 

Thymic cysts may be found in any position along 
a line extending from the mandibular angle to the 
cervical midline, thence down into the anterior 
mediastinum as far as the diaphragm. They may 
vary in size from 1 cm. in diameter to fist size, may 
be unilocular or multilocular and may have a long 
stalk. The lining epithelium is either cuboid or pave- 
ment-like. The cysts commonly contain fluid with 
fresh or old blood elements and other cellular debris. 
Usually these cysts are asymptomatic and are dis- 
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covered as incidental findings on chest roentgeno- 
grams. An accurate preoperative diagnosis is nearly 
impossible. 

The cysts in the presently reported cases, males 
aged twenty-one and twenty-six years, were simi- 
larly discovered as incidental findings on chest roent- 
genograms. No definite symptoms could be attrib- 
uted to the lesions.—Pau/ C. Olfelt, M.D. 


Epmonp H. Creeping eruption associ- 
ated with transient pulmonary infiltrations. 
Radiology, Feb. 1954, 62, 222-226. 


Creeping eruption, known also as endemic cutane- 
ous helminthiasis and larva migrans, is endemic in 
the costal areas of southeastern United States. Al- 
though usually a cutaneous disease, the author 
presents a case of LoefHler’s syndrome which was 
probably caused by this organism. It is suggested 
that the organisms may follow the pattern of the 
hookworm, Necator americanus, to gain entrance 
into the lung. Other possibilities for the lung pathol- 
ogy are offered. 

Roentgenograms showing the widely scattered 
small irregular areas of infiltration in each lung and 
their transitory nature on serial studies are repro- 
duced. 

Paroxysms of coughing were a prominent feature 
in the case presented, persisting as long as nine 
months after the skin and pulmonary lesions had 
cleared.—Everett Seedorf, M.D. 


May, Ivan A., GARFINKLE, Jack M., and Dvu- 
GAN, Davip J. Eosinophilic granuloma of 
lung: report of three cases. dun. Int. Med., 
March, 1954, 70, 549-562. 


The authors report 3 cases of eosinophilic granu- 
loma of the lung. Two of the cases also had eosin- 
ophilic granuloma of bone. The third case had Hand- 
Schiller-Christian syndrome and a femoral bone 
lesion. 

Eosinophilic granuloma of bone was described by 
Lichtenstein and Jaffe in 1940. Weinstein ef al., 
Dixon, Schuknecht and Perlman and Parkinson re- 
ported cases of multiple skeletal lesions with pul- 
monary infiltrations. 

In the authors’ series, Case 1 occurred in a forty 
year old male, who showed on roentgenograms a 
destructive lesion of the right fifth posterior rib. At 
operation two small peripheral nodules were found 
in the upper lobe of the lung. Although the pathologi- 
cal diagnosis of the frozen sections was undifterenti- 
ated carcinoma, the final diagnosis on permanent 
sections was eosinophilic granuloma. 

The second case occurred in a twenty-eight year 
old housewife, who presented a palpable mass in- 
volving the midportion of the left ninth rib. Roent- 
genograms made in November, 1950, were inter- 
preted as showing clear pulmonary fields and a de- 
structive lesion of the left ninth rib. The rib lesion 
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was resected and histopathological examination re- 
vealed an eosinophilic granuloma. In May, 1952, 
roentgenograms of the chest showed a diffuse miliary 
granular infiltration of both lungs. Review of the 
roentgenograms of 1950 showed a similar pulmonary 
involvement in an early stage. Biopsy of the pul- 
monary lesion revealed eosinophilic granuloma. 

The third case was that of thirty-six year old 
housewife with the chief complaint of shortness of 
breath. Roentgenograms showed right pneumothorax 
and diffuse symmetrical fibrosis. A right thora- 
cotomy revealed a diffusely granular lung. Biopsy 
was interpreted as eosinophilic granuloma. Bone 
survey revealed a poorly defined radiolucent zone in 
the neck of the left femur. This patient also had di- 
abetes insipidus and questionable exophthalmos. 
Although roentgenograms of the skull did not reveal 
any bony abnormality, the case is regarded as an 
instance of Hand-Schiller-Christian disease. Patho- 
logically, the lesions are of a xanthogranulomatous 
nature, occasionally with collections of eosinophils. 
The authors believe that this offers further evidence 
that eosinophilic granuloma of bone and Hand- 
Schiller-Christian disease are variants of one basic 
pathologic process.— 7. N. Ané, M.D. 


Lurwycue, V. Ursuta. The differential diag- 
nosis of carcinoma of the bronchus and pul- 
monary tuberculosis. Lancet, April, 3, 1954, 
1, 693-095. 


The close similarity which may exist between the 
roentgenological appearance of a bronchial carcinoma 
and that of pulmonary tuberculosis is well known. 

The 7 cases described include 5 where the correct 
diagnosis was not reached until it was too late to ben- 
efit the patient. In the other 2 cases the correct diag- 
nosis was made early in the illness. These patients 
are now alive and well six and three years later re- 
spectively. 

A study of these 7 cases, all middle-aged or elderly 
men, shows several points of interest. First, it is 
important to hesitate before accepting a diagnosis of 
pulmonary tuberculosis in people of this age, unless 
tubercle bacilli have been found in the sputum; in 5 
of these 7 cases repeated examination of the sputum 
failed to reveal tubercle bacilli. The not infrequent 
occurrence of cavitation in association with a 
bronchial carcinoma is emphasized. 

Secondly, not every bronchial carcinoma is visible 
through the bronchoscope. A report of a normal 
bronchial tree does not necessarily exclude the pres- 
ence of a carcinoma. In 3 of the 7 cases described, 
bronchoscopy showed nothing abnormal when the 
examination was first made. In 1 case the true diag- 
nosis was made four weeks later when the examina- 
tion was repeated. In another, the diagnosis was 
established from a biopsy taken from the depths of 
the bronchial orifice. These 2 patients are the only 
survivors of the 7. 
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It is well known that patients with a bronchial 
carcinoma often present a history of recent bronchitis 
or other respiratory infection. Four of the 7 patients 
described gave such a history. Another factor which 
may obscure the true diagnosis is the improvement 
in general condition and the alleviation of symptoms 
when the patient is confined to bed. This improve- 
ment was considerable in 3 of the 7 cases, and in 2 
of them it was accompanied by definite improvement 
in the roentgenological appearance. 

The diagnosis of bronchial carcinoma at an early 
stage is seldom easy. If the prognosis is to be im- 
proved this diagnosis should constantly be borne in 
mind, particularly when a middle-aged man has sus- 
picious symptoms or an unexplained shadow in the 
chest is present. All patients with abnormal shadows 
which cannot be adequately explained on another 
basis should have the benefit of surgical exploration. 

Stephen N. Tager, M.D. 


Levin, BerrramM, and Ricier, Leo G. Rib 
notching following subclavian artery obstruc- 
tion. Radiology, May, 1954, 62, 66c—670. 


Notching of the ribs was formerly considered 
pathognomonic of coarctation of the aorta. Experi- 
ence has shown, however, that there are other causes, 
some of which are: arteriovenous fistula of the inter- 
costal vessels, intercostal arteriosclerosis, neuro- 
fibromas of the intercostal nerves, arteriovenous 
fistula of the chest wall vessels, idiopathic dilatation 
and tortuosity of the intercostal arteries and vari- 
cosities of intercostal veins. 

The authors report a series of 8 cases with slight 
to moderate rib erosion due to a cause heretofore 
unreported. In all these cases there was obstruction 
of the third portion of the subclavian artery, second- 
ary to unsuccessful Blalock-Taussig operation. The 
collateral arterial circulation through the intercostal 
arteries readily accounts for the rib changes. 

In conclusion, the authors state that roentgeno- 
graphic evidences of ipsilateral rib notching following 
a Blalock-Taussig procedure should arouse suspicion 
that the anastomosis is no longer patent.— Donald N. 
Dysart, M.D. 


Fictey, M. M. Accessory roentgen signs of co- 
arctation of the aorta. Radiology, May, 1954, 
62, 671-687. 


The most commonly recognized signs of coarcta- 
tion of the aorta are rib notching and a small aortic 
arch. Both frontal and oblique views of the aorta 
should show indentation in the aortic shadow indi- 
cating the site of coarctation. Fluoroscopically, one 
should see increased pulsation in the ascending aorta 
as compared to that observed in the descending 
aorta. The barium-filled esophagus is usually dis- 
placed at the level corresponding to the aortic de- 
formity. 

Pathologically adult coarctation is characterized 
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by a short, nearly complete obstruction at or below 
the ligamentum arteriosum. There is usually a medial 
and interior buckling of the aorta presumed due to 
traction by the ligamentum. Not only is there dilata- 
tion of the ascending aorta, but dilatation below the 
coarctation may occur as a result of entry of blood 
from dilated intercostals. 

After reviewing the films of 75 patients with coarc- 
tation of the aorta, the author concluded that the 
most useful accessories to rib notching are visible 
aortic deformity and esophageal displacement. 

The following table lists the frequency of the vari- 
ous roentgen signs of aortic coarctation in the au- 
thor’s seriés: 

(Figures in parentheses indicate number of asses- 
sible cases.) 


Rib notching (74) 


Left mediastinal contour (71) 

92.89, 

Retrosternal scalloping (74) 

Left ventricular size (74) 

Slightly enlarged or hypertrophied. . . . 21% 

Moderately or markedly enlarged...... 19% 


Esophageal course 
Subarch deviation 


Frontal (34) 53% 
80% 
Small arch impression (28)....... ps2 75% 
Aortic contour 
Descending (66) 
Abnormal, but not diagnostic........ 18.5% 
Discontinuous............... 
4.0% 
Deformity in left oblique (52)...... .. Sor 
Ascending (73) 
33% 
Aortic “knob” 
83% 


In a few instances angiography was of aid in mak- 
ing a definite diagnosis. The article is illustrated with 
14 excellent figures.—Everett E. Seedorf, M.D. 


Keatinc, D. R., and AmBerg, J. R. A source of 
potential error in the roentgen diagnosis of 
cervical ribs. Radiology, May, 1954, 62, 688- 
694. 


Costal processes, cervical ribs, and normal thoracic 
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ribs are identical in embryogenesis, distinction be- 
tween them being made on the basis of length, con- 
figuration, and relation to individual vertebrae. 

The authors point out that the costal processes of 
the seventh cervical vertebra are independent of the 
transverse processes in childhood and may be so con- 
spicuous as to suggest cervical ribs on routine chest 
films. 

Since fusion of the costal and transverse processes 
of the seventh cervical vertebra does not usually 
occur until the fourth to the tenth year, a potential 
source of error in the diagnosis of cervical ribs exists 
in early childhood where the costal processes are un- 
usually long in relation to the transverse processes. 
True cervical ribs exist as such since birth, however, 
and exhibit the anterior and downward curvature of 
all true ribs. 

Keeping this in mind, the diagnosis of cervical rib 
in early childhood will be made with caution and 
only when the proper criteria are met and normal 
variations excluded.— Michael F. Healy, M.D. 


GotprinG, Davin, Rocers, Henry M., Jr., 
Ter-Pocossian, SEAMAN, WIL- 
LIAM, and Bewrer, M. Remsen. Radiocardi- 
ography in congenital heart disease. 7. 
Pediat., April, 1954, 44, 392-406. 


The purpose of this study was to explore the tech- 
nique of radiocardiography as a possible diagnostic 
aid in children with congenital heart disease. This 
method was first described and used by Prinzmetal 
and associates. 

During the past fifteen months this method was 
employed in over 100 children with congenital car- 
diac defects and 22 children with normal hearts. 
Cases of congenital heart disease selected were those 
in which the diagnosis was verified by angiocardiog- 
raphy or catheterization. In most cases the diagnosis 
was established operatively. 

The instrument used in this investigation was a 
scintillation counter fitted with a sodium iodide, 
thallium activated crystal. The efficiency of this 
counter for the detection of gamma rays emitted by 
[31 was approximately fo per cent. The output of the 
scintillation counter was fed into a counting rate 
meter connected to an Esterline-Angus graphic re- 
corder. The response of the counting rate meter to 
the signal supplied by the scintillation counter was 
exponential with respect to time. 

A single counter was employed and placed over the 
midsternal line at the fourth interspace. Sterile 
diiodofluorescein tagged with I'*! was used. Ten 
microcuries of diiodofluorescein, representing a vol- 
ume of approximately 0.05 cc., were carefully meas- 
ured in a tuberculin syringe, and a venipuncture was 
performed in the antecubital fossa. The entire ex- 
tremity was elevated above heart level. At a given 
signal the injection was made as rapidly as possible 
with the recording device running at a constant 
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speed. No sedation was used in order to simplify the 
procedure. 

A control group of 20 normal children between the 
ages of two and ten years was first studied. The type 
of curve obtained showed a prompt rapid initial 
upswing which occurred within three seconds after 
injection of the radioactive material, followed by a 
less rapid down swing to form the first peak of the 
curve. The duration of this curve was twelve to thir- 
teen seconds when measured from the beginning of 
the upward deflection to the lower point reached by 
the descending limb. This was usually followed by a 
low, flat-peaked secondary rise beginning sixteen to 
seventeen seconds after injection and lasting ten 
seconds or less. A final base line was reached which 
was 40 to $0 per cent of the maximum amplitude of 
the first peak. 

Four children with uncomplicated patent ductus 
arteriosus were studied before and after surgical liga- 
tion. Preoperatively, the radiocardiogram in all 4 
children showed a prompt rise after injection, fol- 
lowed by a down swing which tended to be pro- 
longed. No second peak was observed. Following 
surgical ligation, an appreciable change in contour 
was noted. 

Two patients with Eisenmenger complex were ex- 
amined in a similar manner, and the curves were 
much like those obtained in patients with a ratent 
ductus. At present no explanation is given for the 
striking similarity of the tracings in these two types 
of congenital malformations. 

Five patients with tetralogy of Fallot had radio- 
cardiograms before operation. Examination of the 
curves revealed, a prompt, almost vertical rise after 
injection of the dye. A narrow peak was formed as 
the descending limb fell abruptly. In three of the 
five curves a secondary rise was seen which occurred 
two to three seconds earlier than in the normal 
curves. The marked difference in contour between 
the tracings of Eisenmenger complex and tetralogy 
of Fallot was most striking. 

The method of radiocardiography was found to be 
simple and safe. Diiodofluorescein was preferred as 
the test substance due to the easy availability, rapid 
excretion, and eight day half-life of I'*' in contrast to 
radioactive sodium. , 

The true significance of the radiocardiogram is 
still imperfectly understood. The two upward deflec- 
tions of the radiocardiogram rerresent first right, 
then left heart concentration of the radioactive sub- 
stance. The authors believe that it may be chiefly 
the activity in the right heart that is reflected in the 
tracing. 

The tracings obtained with the method used in 
this study are grossly similar to the dye dilution 
curves in cyanotic congenital heart disease recently 
reported by Swan and associates who employed 
Evans blue and followed the dilution of this dye in 
the blood stream with an earpiece oximeter. They 
believe that distinctive dye dilution curves can be 
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obtained in different congenital cardiac malforma- 
tions. 

It is doubtful whether the curves will prove to be 
specific for the many other d fferent types of cardiac 
anomalies. Cases of congenital heart disease which 
tend to produce dilatation or hypertrophy of the 
right auricle, right ventricle, or both, may prove to 
show similar tracings. 

The striking difference in the radiocardiographic 
tracings obtained in Eisenmenger complex and 
tetralogy of Fallot suggests that this method may 
prove valuable in their differential diagnosis without 
resorting to catheterization or angiocardiography. 

More studies are needed in normal children and 
those with congenital heart disease to determine the 
influence of such factors as tachycardia, congestive 
failure, and respiration on the character of the radio- 
cardiograms.—Stephen N. Tager, M.D. 


DisenHouse, Rosperr B., ANDERson, Ray C., 
Apams, Paut, Jr., Novick, Rosauinp, Jor- 
GENS, JosepH, and Levin, Bertram. Atrial 
septal defect in infants and children 7. 
Pediat., March, 1954, 44, 269-289. 


An isolated atrial septal defect may be the cause 
for death and since surgical correction is now possible 
it is important to make the diagnosis as early as 
possible. The authors present the findings on 21 pa- 
tients on whom the diagnosis of atrial septal defect 
was established by cardiac catheterization and an 
additional 6 patients on whom the diagnosis was 
made at postmortem study. Symptoms vary con- 
siderably but, on the whole, feeding difficulties, re- 
current respiratory infection, and growth retardation 
were the chief complaints. Cardiac failure may occur 
early in life. There are no typical or pathognomonic 
physical findings. Specifically, clinical findings were 
much more variable in the infant group and accurate 
diagnosis was therefore more difficult. The authors 
did not note underdevelopment of their small chil- 
dren as has been previously emphasized. No typical 
electrocardiographic picture was obtained, though 
right axis deviation and right ventricular hyper- 
trophy were frequently observed. Roentgenographi- 
cally, the typical pictures showed enlargement of the 
right atrium and right ventricle with dilatation of 
the pulmonary artery. Left atrial enlargment was 
absent in all cases and this aided in the differentiation 
occasionally from a patent ductus. Except in the 
infant group there was no correlation between the 
heart size and general condition of the patient. As 
has been previously reported, cardiac catheterization 
is the best method for substantiating the diagnosis. 
Left-to-right shunt was found in every case and the 
authors were able to pass the catheter through the 
defect in approximately $0 per cent of their cases. 

Three cases ur derwent successful surgical closure 
of the atrial defect.—Lawrence A. Davis, M.D. 
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Apams, Ravpu, and Luria, Sipney B. Uncom- 
mon benign lesions of lower esophagus, dia- 
phragm, and cardia. 7.4.M.24., Feb. 20, 
1954, 754, 662-065. 


The authors review the case histories of several 
patients, together with the roentgen, surgical and 
pathological findings in some unusual benign lesions 
of the lower esophagus and cardia of the stomach. 
In one patient a gastric diverticulum was found at 
fluoroscopy. At esophagoscopy, a hemangioma 4 mm. 
in diameter was noted at the junction of esophagus 
with stomach, and a punctate ulcer in the center of 
the hemangioma. At surgery, two additional small 
ulcers of the mucosa were found. All of these lesions 
were removed, with relief of symptoms for the pa- 
tient. 

In another patient with repeated diagnoses of con- 
gestive heart failure and coronary thrombosis, a 
large paraesophageal herniation of the stomach was 
found. The hernia was repaired and relief of symp- 
toms followed. 

One patient comp!ained of epigastric pain, difh- 
culty in swallowing, and a recent weight loss of 15 
pounds. Fluoroscopic examination revealed a stric- 
ture in the distal third of the esophagus, with dilata- 
tion of the esophagus above this point. An ulcerated 
area, about 1.5 cm. in diameter, was demonstrated 
on the posterior wall of the lower esophagus. This 
was confirmed at esophagoscopy. Biopsy revealed 
chronic inflammation. Preoperative diagnosis was 
‘‘probable carcinoma.” At surgery a mass was found 
involving the distal third of the esophagus and upper 
portion of stomach, and measuring 8 by 4 cm. The 
mass was resected, and an esophagogastrostomy was 
done. Pathological examination showed an inflamed, 
tiny diverticulum of the lower esophagus with 
chronic, suppurative, granulomatous periesophagitis. 

Another patient presented a history of lack of 
appetite, progressive weight loss, increasing constipa- 
tion, and upper lumbar back pain. At fluoroscopy a 
large fixed, irregular mass and ulcer were found in the 
fundus of the stomach, extending along the posterior 
wall and on the lesser curvature side. The clinical 
impression was that of carcinoma with probable 
metastasis. A total gastrectomy was done. The spleen 
and distal half of the pancreas, into which the lesion 
had penetrated, were also removed. Pathological 
examination showed the lesion to be a huge peptic 
ulcer without evidence of malignancy. 

The findings in these patients illustrate the diff- 
culties in diagnosis and in deciding the extent of 
operative procedures to be done.—D. S. Kellogg, 
M.D. 


Boyp, Davin P., and Hitt, Lucius D., III. Be- 
nign tumors of the esophagus. 4nn. Surg., 
March, 1954, 739, 312-32 
The authors state that benign tumors of the 

esophagus are both uncommon and interesting. Their 
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review of the literature indicates that up to the re- 
port of their 15 cases there have been only 51 surgi- 
cally treated cases reported. The addition of their 
cases brings the total of surgically treated cases to 
64 at the time of the publication of their article. Of 
their 15 cases, 9 were leiomyomas, the most common 
benign lesion of the esophagus. Five of their 9 cases 
of leiomyomas had no symptoms referable to the 
esophagus. The lesions were found on routine exami- 
nation. 

Esophageal cysts occurring in the thorax are de- 
scribed under many names. These include duplica- 
tions of the alimentary tract, gastroenteric cysts, 
etc. When no attachment to the esophagus exists, 
such cysts have usually been classified as mediastinal 
cysts. The origin of these cysts has been the subject 
of considerable discussion in the literature. It has 
been concluded that they have been pinched off as 
nodules during fetal development of the gut. The 
authors report 2 cases of esophageal cysts which were 
r-moved surgically. 

The third group of tumors consisted of two fi- 
bromas of the esophagus. These are apparently the 
first two fibromas to be successfully removed surgi- 
cally. 

An extensive hemangioma of the upper two-thirds 
of the esophagus is presented. The patient has had 
five episodes of bleeding over a period of twenty 
years. No specific treatment was recommended for 
this patient. 

In addition to the cases already mentioned, one 
patient with a large polyp in the upper esophagus is 
discussed. This patient regurgitated the polyp into 
the back of the pharynx and was unable to re-swallow 
it. He finally pushed it into the esophagus manually. 
The polyp was removed with a snare and a coagulat- 
ing current. The patient had a satisfactory post- 
operative course with no evidence of return of the 
polyp. 

Fifteen cases of benign tumors are presented and 
14 of these were successfully operated upon without 
a single fatality.—R. E. Kinzer, M.D. 


ABDOMEN 


SHARP, GEORGE S., and Haztet, Joun W. Eval- 
uation of a new method for supplementation 
of gastric hydrochloric acid. 4m. F. Digest. 
Dis., May ,1954, 27, 140-144. 


A new hydrochloric acid preparation, ‘“‘Normacid,” 
produced by Stuart Company of Pasadena, Calli- 
fornia is discussed. This oral medication, the authors 
found, gradually disintegrates in the stomach releas- 
ing hydrochloric acid over a time interval compara- 
ble to the physiologic release of hydrochloric acid 
by the normal stomach. The tablet contains betaine 
hydrochloride 440 mg., methyl] cellulose 110 mg., and 
pepsin 32.4 mg. 

When using this medication, many of the side 
effects experienced with hydrochloric acid drops or 
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gelatin capsules are avoided. Transient nausea in 
some of the patients with previously prolonged 
achlorhydria was the only side effect encountered 
with this medication. 

Many functional digestive complaints and dietary 
intolerances have been symtomatically relieved in 
the achlorhydric patient. The improvement in the 
oral symptoms is encouraging. 

The authors also emphasize the value of the cation- 
exchange-indicator-quinine (CEIQ) urine test for 
estimating the free hydrochloric acid production of 
the stomach. They feel that this clinical test would 
be extremely valuable in detecting the achlorhydric 
patient in mass screening surveys.—Fay H. Squire, 


M.D. 


Liyta, Benor. Gastric motive function; with 
particular reference to the activity of the 
conducting system in the stomach. Aec/a 
radiol., March, 1954, 47, 225-246. 


Observations of gastric motivity in patients with 
lesser curvature ulcers, and severe ulceration in or 
near the incisura angularis has led to the suggestion 
that there are separate motive centers for the verti- 
cal and transverse portions of the stomach, and that 
the motive center for the transverse stomach is situ- 
ated at the incisura angularis. In severe ulceration 
at the angularis the function of this center is abol- 
ished, resulting in arrhythmia of the normally con- 
tinuous motive cooperation between the parts, 
interrupted at the incisura. This is termed gastric 
block. A permanent contraction of the canalis 
(pyloric antrum) often appears in these cases. 

The innermost muscle layer of the stomach, de- 
scribed by Forssell as a suspensory sling, is composed 
of oblique fibers extending from fundus to the in- 
cisura angularis, along the anterior and posterior 
aspects of the lesser curvature. The fibers fan out 
laterally and are intimately related to the circular 
muscle layer. Some of the fibers are inserted in the 
submucosa. 

Contraction of the inner oblique muscular layer 
thus can cause shortening of the lesser curvature, 
local inward bulging of the greater curvature and a 
radial folding or spreading in the form of a fan from 
the ulcer, corresponding to the distribution of the 
inner muscle layer, and also the “gastritis picture” 
of increased serrations of the greater curvature. This 
increased folding may be caused by contraction and 
shortening of the wall, plus a participation of the 
mucosa through the activity of its muscularis mu- 
cosae (insertion of some of the fibers of the inner 
oblique layer into muscularis mucosa). 

This ascribes to a common cause, /.e., spastic con- 


traction of the inner muscular layer, the triad of 


roentgenologic signs of ulcer of the lesser curvature: 
(1) inward bulging of the greater curvature with con- 
striction of lumen, (2) folding radiating from the 
ulcer and (3) increased gastritis-like serrations of the 
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contour of the greater curvature. 

These signs of ulcer may persist after the ulcer 
has healed. However, better appreciation of their 
significance has led to more careful search and recog- 
nition of an increased number of ulcers, particularly 
those high on the lesser curvature. 
Collins, M.D. 


Lois Cowan 


Finpy, NATHANIEL, and Ersenpup, Mark. 
Carcinoma of the proximal third of the stom- 
ach; a critical study of roentgenographic ob- 
servations in sixty-two cases. ¥.4.M.A., 
April 3, 1954, 754, 1155-1160. 


There is a voluminous literature on the roentgeno- 
logic diagnosis of carcinoma of the stomach. Much 
of this deals with proper technique of the examina- 
tion and special procedures. The authors have 
attacked the problem in a somewhat unique manner. 
They have attempted to analyze the accuracy of 
diagnosis of lesions in specific parts of the stomach. 
In order to do this they have examined the reports 
rendered on gastrointestinal roentgen examinations 
performed at the New York Hospital in the years 
1947 through 1952 on patients subsequently proved 
to have carcinoma of the stomach. 

They divided the cases into two groups. One group 
consisted of those in which the lesion was confined to 
the proximal third of the stomach and the second 
group of those in which there was involvement of the 
distal two-thirds of the stomach. In the series of 269 
cases of carcinoma a lesion was detected in 96 per 
cent and was correctly diagnosed as carcinoma in 80 
per cent. In the lesions of the proximal third of the 
stomach 13 per cent of the cases were missed com- 
pletely while in the lesions of the lower two-thirds of 
the stomach only 2 per cent were missed. This makes 
it readily apparent that it is more difficult to demon- 
strate and correctly diagnose lesions in the proximal 
third of the stomach. In this particular series, 25 per 
cent of the lesions showed involvement confined to 
the proximal third of the stomach, which is consider- 
ably higher than the usually quoted 10 per cent. 

The authors point out that the principal interfer- 
ing factors in proper diagnosis of carcinoma of the 
proximal third of the stomach are a cascade con- 
figuration of the stomach and a hiatus hernia. In the 
8 missed cases, 6 had a cascade type stomach and 
1 had a hiatus hernia. In the 9 erroneously diagnosed 
lesions in the proximal third of the stomach, § had a 
cascade type stomach and 2 had a hiatus hernia. 
Three of these 9 cases were given a diagnosis of 
lymphosarcoma or leiomyosarcoma. 

The authors conclude that the difference between 
accuracy of diagnosis of lesions in the proximal third 
and the distal two-thirds of the stomach is striking. 
It is readily apparent that diagnosis of proximal 
third gastric lesions is much more difficult and that 
special procedures might well be undertaken by any 
examiner to attempt to improve his diagnostic abil- 
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ity with reference to this portion of the stomach. 


R. E. Kinzer, M.D. 


FRIMANN-DaHL, JOHAN, Linp, JokN, and 
WecE .ius, Car. Roentgen investigations of 
the nec-natal gaseous content of the intestinal 
tract. Acta radiol., March, 1954, 4/7, 256-268. 


Serial roentgenograms of normal newborn infants 
taken at 1, 15, 30, and 45 minutes and 1, 2, and 3 
hours after birth showed partial expansion of the 
lungs and a small air-bubble in the stomach at the 
first examination; full expansion of the lungs and a 
larger air-bubble in the stomach at 15 minutes; gas 
in the duodenum and jejunum at 30 minutes, well 
into the ileum at 1 hour, in the terminal ileum and 
often in the cecum at 2 hours, and throughout the 
intestinal tract in 3 hours. The degree and rate of 
distention were not influenced by crying. 

The rate of progress of swallowed air is sufficiently 
constant to permit a rough estimate of duration of 
life in full term, well formed infants. In the prema- 
ture, maldeveloped, and feeble, the rate of progress 
is slowed and too irregular to estimate duration of 
life. 

Roentgenograms of stillborn infants showed no 
gas in the gastrointestinal tract. The demonstration 
of a gastric air-bubble may be accepted as proof of 
life. The usefulness of these observations in forensic 


medicine is self-evident.—George Cooper, ‘fr., M.D. 


Witson, Hucu E., DesrorGces, GERARD, 
Herserr G., and CAmpBELtL, 
ALEXANDER J. A. Volvulus of the cecum; em- 
phasis on possible predisposing lesions of the 
left colon. 4.M.A. Arch. Surg., May, 1954, 
68, 593-604. 


The authors state that next to an awareness of this 
condition as a clinical entity and a relatively rare 
cause of intestinal obstruction, roentgenologic stud- 
ies are the greatest single aid in the diagnosis. The 
criteria for diagnosis on flat and upright survey films 
of the abdomen are: 

(1) Cecum greatly dilated and appears to lie in an 

ectopic position. 

(2) Loops of small bowel may be seen distended 
with gas and often lying to the right of the 
distended cecum. 

(3) The ileocecal valve may be demonstrated ly- 
ing to the right of the distended cecum. 

(4) The spiral distortion of the mucous membrane 
may sometimes be seen at the site of twisting, 
being visible because of contrast with gas in 
the bowel. 

(5) There is usually a considerable dilatation of 
the small bowel with fluid levels in the upright 
position, suggestive of small bowel obstruction. 

(6) Usually there is a single fluid level in the dis- 
tended colon. (In volvulus of the sigmoid there 

is usually no distention of the small bowel and 
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two fluid levels in the distended loop can be 
seen in most instances.) 

The case histories of 8 patients, all females, aged 
forty-six to ninety-two years, are presented in detail 
with their respective survey films illustrated. Four of 
the 8 patients had co-existing left colon pathology 
which the authors believe was the predisposing factor 
leading to the cecal volvulus. On this basis, they rec- 
ommend that in any case of volvulus of the cecum, 
the left colon be investigated after the acute problem 
has been remedied.—William H. Smith, M.D. 


GERSHON-COHEN, J., and Kremens, Vicror. 
X-ray studies of the ileocecal valve in ileoce- 
cal tuberculosis. Radiology, Feb., 1954, 62, 
251-254. 


The ileocecal valve is a focal point of particular 
interest in ileocecal tuberculosis since most of the 
lesions are centered about this structure. The au- 
thors have found the double contrast colon examina- 
tion a useful method of studying the cecal side of the 
valve. 

The changes found in tuberculosis of the ileocecal 
valve consist of irritability and spasm in the early 
stages, and rigidity and impaired motor activity in 
the later stages. Distortions of the lips of the valve 
when found in a patient with pulmonary tuberculo- 
sis, in the presence of shortening and contraction of 
the cecum or other roentgenographic signs of ileocecal 
tuberculosis, are almost certainly due to disease. 


Donald N. Dysart, M.D. 


Bruwer, AnprE, BarGcen, J. ARNOLD, and 
KIERLAND, Rosert R. Surface pigmentation 
and generalized intestinal polyposis (Peutz- 
Jeghers syndrome). Proc. Staff Meet., Mayo 
Clin., March 24, 1954, 29, 168-171. 


The authors report the occurrence of multiple be- 
nign adenomatous polyps in the stomach, duodenum, 
small intestine and colon of a twenty-seven year old 
woman who exhibited pigmentation changes in the 
iower lip. Two brothers had been operated on for 
polyps, and two other brothers were said to have 
symptoms of stomach trouble. 

The syndrome of small dark brown or black spots 
of pigmentation on the lips, external nares, mucous 
membranes of the cheeks, gums, and palate associ- 
ated with multiple familial intestinal polyposis was 
first described by Peutz and later by Jeghers and 
associates. Less than 30 proved cases have been re- 


pe iod.—f. 4. Campbell, M.D. 


SHAPIRO, Ropert. Cholecystography; a critical 
review. Radiology, Feb., 1954, 62, 245-247. 


The physiology of the nermal gallbladder is re- 
viewed with a discussion of the various factors which 
may result in poor or non-visualization. Factors con- 
tributing to poor or non-visualization are: 
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1. Failure of the patient to ingest or retain the 
contrast substance 
Delayed gastric emptying 
(a) Pyloroduodenal obstruction 
(b) Psychogenic factors resulting in pro- 
longed pylorospasm 
3. Failure of absorption of the medium 
(a) Diarrhea 
(b) Pancreatic disease 
(c) Primary disease of the small intestine 
4. Impairment of hepatic function 
5. Too rapid emptying of the gallbladder, e.g., 
hyperchlorhydria 
6. Physiological stasis 
7. Drug effect 
8. Previous cholecystectomy 
g. Cystic duct stone 
10. Severe disease of the gallbladder mucosa pre- 
venting adequate concentration of the me- 
dium 
11. Lactation. 


Everett E. Seedorf, M.D. 


Jacospson, GeorGe, and HEITMANN, KENNETH 
A. Cholangiography with a viscous, water- 
soluble contrast medium (diodrast in methyl- 
cellulose). Radiology, Feb., 1954, 62, 241-244. 


Although diodrast in methylcellulose has been 
found not entirely satisfactory for bronchography, it 
is an ideal contrast medium for cholangiography. A 
mixture of 25 per cent diodrast and 1 per cent 
methylcellulose produces the optimum density and 
viscosity. No reactions to the medium have been ob- 
served. 

Some of the advantages of the mixture are sum- 
marized as follows: 

1. It forms a continuous column, being miscible 
with bile, and there is none of the disturbing globule 
formation seen so frequently with oily media. 

2. The density is such as to permit adequate 
fluoroscopic visualization and the obtaining of ex- 
cellent roentgenograms, yet not so great that small 
radiolucent calculi contained in a large dilated com- 
mon bile duct are obscured. 

Cholangiograms obtained with this medium are 
reproduced.—FEverett E. Seedorf, M.D. 


Lecer, Lucien, and Proux, Cuartes. Les en- 
seignements de la spléno-portographie. (Ex- 
periences with splenoportography.) Presse 
méd., March 24, 1954, 62, 469-472). 


The technique, said to be harmless by surgical 
proof and autopsy, includes: (1) conjunctival drop 
test for compatibility of contrast medium; (2) pre- 
medication with barbiturates; (3) local procaine 
anesthesia; (4) intercostal (infracostal in spleno- 
megaly) puncture of spleen with thick spinal needle 
(10/18 mm.) under fluoroscopic guidance; (5) proof 
of correct location by (a) bloody return, spontane- 
ously or after injection of procaine, (b) respiratory 
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needle movements, and/or (c) injection of few cubic 
centimeters of contrast medium, supposed to pool 
around needle tip; (6) very fast injection of 20 cc. 
diodone (organic iodine compound) 7o per cent; (7) 
roentgenograms made every second with seriograph 
or camera device. 

The “normal” splenoportogram visualizes (a) the 
spleen, either by interstitial diffusion, by sub- 
capsular penetration, or by outline of the splenic bed, 
(b) the splenic vein, its confluence with (c) the portal 
vein, and the latter’s ramifications in the right lobe, 
seldom in the left lobe of the liver. 

Under pathologic conditions, there may be (1) 
obstruction to portal flow. Fairly easy to interpret 
are venous obstacles, such as (a) portal phlebitis 
(with proved case of acute portal thrombosis), (b) 
operative interruption of the portal vein, and (c) 
compression (the authors cite a proved case of in- 
flammatory hyperplasia of head of pancreas) or 
thrombosis of splenic vein. Parenchymatous obsta- 
cles, i.e., cirrhosis of the liver, give controversial 
aspects, because the degree of opacification depends 
on the speed and pressure of injection, and on the 
timing of exposure. The procedure is also useful in 
(2) hepatic tumors, (3) various splenomegalies, (4) 
to establish patency of portal flow, and (5) for surgi- 
cal purposes, for instance preoperatively in portal 
hypertension, or to demonstrate a successful porto- 


caval shunt.—FE. R. N. Grigg, M.D. 
GYNECOLOGY AND OBSTETRICS 


Weens, H. StepHen, Clements, J. LuruHer, 
and H. Radiation dosage to 
the female genital tract during fluoroscopic 
procedures. Radiology, May, 1954, 62, 745 
Employing midget ionization chambers in the 

vaginal fornices, the amount of radiation received 
by the mid pelvis during fluoroscopic and other 
abdominal diagnostic procedures was measured. The 
results showed that the radiation received by the 
female mid pelvis during barium enema studies was 
less than 1 r, with exposure during upper gastroin- 
testinal studies considerably lower. It was found that 
one-third to one-half of the exposure during colon 
studies was due to the taking of large abdominal 
roentgenograms. 

Phantom studies were also carried out, and it was 
concluded that in fluoroscopic examination high sur- 
face values do not necessarily reflect correspondingly 
high dosage rates in the mid pelvis. However, the 
surface dosages can be considerably reduced by 
proper filtration, with corresponding reduction of 
dosages within the body, without significantly affect- 
ing dosages at the position of the fluoroscopic screen. 

The need for more accurate information on the 
effect of radiation on human mutation rates and 
fetal development is discussed. The authors feel that 
fetal irradiation during fluoroscopy is much lower 


= Vou. 73, No. 2 ee 333 

# 


334 Abstracts of Radiological Literature 


than estimated by previous investigators, but be- 

lieve that until more definite determinations are 

made, it is wise to keep radiation to pelvic structures 

ata minimum. The fetus is probably most radiosensi- 

tive between the second and sixth week of gestation. 
C. L. Stevenson, M.D. 


HutrBerG, Sven. Pregnancy in Hodgkin’s 
disease. Acta radiol., March, 1954, 4/7, 277 
289. 

Two papers have appeared in recent Scandinavian 
literature advocating induced abortion in cases of 
pregnant women with Hodgkin’s disease. At the 
Radiumhemmet in Stockholm, 13 of 100 fertile 
women have become pregnant while suffering from 
Hodgkin’s disease. 

Detailed case histories are given for all women and 
they indicate that pregnancy, parturition and puer- 
perium run a normal course. There was no evidence 
of exacerbation during pregnancy. Four of the pa- 
tients said they never felt so well as they did during 
the pregnancy. 

There is no conclusive proof that Hodgkin’s dis- 
ease may be transmitted from mother to child. The 
great majority of children are healthy, the oldest in 
this group now being fifteen years of age. 

Eight of the patients are alive and in good health, 
eight to fifteen years after the onset of the disease. 
None died in connection with pregnancy or within a 
year after delivery. 

Krom this experience as well as a review of over 
100 cases in the literature, the author considers that 
there is seldom any indication for interruption of 
pregnancy in patients with Hodgkin’s disease. 
David C Gastineau, M.D. 


KALTREIDER, D. Frank. The contracted outlet. 
¥.4.M.A., March 6, 1954, 754, 824-827. 
Clinically it has been impossible to determine 

whether a difficult delivery in the low pelvis was due 

to disproportion in the midplane, the outlet, or both. 

Therefore the interspinous diameter was tested. The 

interspinous diameter of the midplane is a much 

more desirable measure than the outlet sum, but not 
quite so definite as the anteroposterior, although 
quite satisfactory. The critical diameter may be con- 
sidered to be the 9 cm. level. This suggests that in 
many instances when it was felt that the obstruction 
was at the outlet, the actual disproportion was at 
least in some way concerned with the midplane. 
This analysis has left these impressions. First, the 
use of the roentgenographic anteroposterior diameter 
will give a better yardstick to measure outlet con- 
traction than the usually accepted criterion of the 

sum of the intertuberous and posterior sagitta! di- 

ameters. Second, for practical clinical purposes, the 

midplane and the outlet should be considered as one 
plane. Certainly from an anatomic viewpoint these 
two planes can be separated easily.—Eugene F. Mc- 


Do nald, M.D. 
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WEINBERG, ARTHUR. Radiological estimation 
of pelvic expansion. ¥.4.M.4., March 6, 
1954, 154, 822-823. 


It has long been recognized that the usual ob- 
stetrical patient will deliver her second and third 
babies with greater ease and with shorter labor than 
her first. This is true even though customarily the 
birth weight of each succeeding child shows a slight 
increase over that of its predecessor. The decrease in 
dystocia in each succeeding delivery has in the past 
been attributed to the dilatation and lacerations of 
the soft parts of the birth canal, the lower uterine 
segment, cervix, vagina, and perineum. On this basis 
one would expect all multiparous deliveries, without 
positional dystocia, to be easier, provided the con- 
tractions are efficient and the increase in the size of 
the baby not excessive. However, an appreciable per- 
centage of primiparous and multiparous second stage 
labors resemble each other closely. It is therefore nec- 
essary to consider that other factors may be respon- 
sible for inconsistent prognostications of multiparous 
deliveries. 

The question of whether the true bony pelvis un- 
dergoes significant expansion before or during labor 
is certainly more important than how much molding 
a head can safely undergo, since pelvic expansion is 
always safe whereas molding may be dangerous. By 
studying 171 pregnant patients who had roentgen 
pelvimetry by the same technique ten days before 
term of two or more pregnancies, it has been possible 
to estimate the degree and frequency of pelvic ex- 
pansion during pregnancy and labor and to estimate 
its clinical significance. 

Transverse or coronal expansion of the pelvic in- 
let has been demonstrated in the great majority of 
pregnancies and to a significant degree in about one- 
third of the cases. The expansion occurred mostly 
during pregnancy, but also to some extent during 
labor and delivery. 

The study showed that the degree of expansion is 
not dependent on the age of the patient, the weight 
of the baby, or the difficulty of delivery. The only 
factor which was significant was that the incidence 
and degree of expansion were more pronounced in 
primiparas than in multiparas. The pelvic expansion 
was permanent, except when it was accompanied by 
pathological symphyseal spread, in which case 
coronal contraction occurred simultaneously with the 
reduction of the separation of the symphysis in the 
late puerperium.—Eugene McDonald, M.D. 


GENITOURINARY SYSTEM 
Spence, Harry M. Anomalies and complica- 
tions of the urogenital tract associated with 
congenital imperforate anus. ¥. Uro/., April, 
19545 77, 453-463. 


A major urological disorder was found in 15 of 44 
patients with congenital imperforate anus. In 10 pa- 
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tients there was evidence of faulty embryology, 3 had 
coincidental urinary tract anomaly and in 2 patients 
the urological disturbances were a result of operative 
accident at the time of surgical correction of the 
original condition. 

The characteristic genitourinary anomaly associ- 
ated with imperforate anus consists of some form of 
abnormal communication between the lower intesti- 
nal and genitourinary tracts. Depending upon the 
location of the fistula and the sex of the individual 
the patient may exhibit (1) a rectovesical fistula, (2) 
a recto-urethral fistula or (3) some variety of per- 
sistent cloaca. The first two types occur predomi- 
nantly in males, the third type is more common 
among females. Roentgen demonstration of the 
fistulous tracts and the condition of the upper urinary 
tracts are important prior to surgery. Individual 
surgical procedures are aimed at completely separat- 
ing the urinary and intestinal tracts. 

Fourteen illustrations include roentgenographic 
reproductions, anatomical drawings and photographs 
of the anatomy or specimen demonstrating these 
lesions. —George W. Chamberlin, M.D. 


PENDERGRASS, EuGENE P., and _ Brooks, 
FRANK P. Report of a case of osteonephropa- 
thy with vascular calcification in infancy. 
Radiology, Feb., 1954, 62, 227-233. 


Fourteen cases of osteonephropathy (renal rick- 
ets), in combination with vascular calcification in 
young persons, have been collected from the litera- 
ture. An additional case is presented in detail. The 
ages of the patients varied from four weeks to 
twenty-one years. All showed severe renal disease 
with azotemia, and the majority displayed acidosis, 
anemia, and hyperphosphatemia. All patients showed 
roentgen changes in the long bones. 

The roentgen changes may be indistinguishable 
from those seen in ordinary rickets; or they may be 
characterized by swelling of the epiphysis, trabecular 
thickening, subperiosteal erosion, and moth-eaten 
(“woolly”) metaphyses. In the skulls of 9 cases the 
14 “woolly” changes resembling Paget’s disease or 
hyperparathyroidism, with multiple round areas of 
increased density or a granular osteoporosis, were 
evident. 

The least common roentgen finding is arterial cal- 
cification. In addition, calcification of non-arterial 
soft tissues occurred in 12 patients. On examination 
of the urinary tract, polycystic kidney, calculi, or 
nephrocalcinosis may be found. When examined at 
necropsy, most of the parathyroid glands exhibited 
secondary hyperplasia. The case presented showed 
characteristics of both rickets and scurvy early in 
treatment. After three months of treatment, calcifi- 
cation in the arteries of the extremities and possibly 
of the splenic artery was noted.—William A. Good- 
rich, M.D. 
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Davipson, Cuartes N., Dennis, M., 
MeNincu, Eucene R., Wittson, JAMeEs K. 
V., and Brown, WessteR H. Nephrocalci- 
nosis associated with sarcoidosis; a presenta- 
tion and discussion of seven cases. Radiology, 
Feb., 1954, 62, 203-214. 


The authors present 7 cases of sarcoidosis with 
nephrocalcinosis. Other soft tissue calcifications were 
present in 2 of the cases. Pulmonary changes varied 
from a minimal infiltrate to a fibrosis and definite 
miliary calcinosis. Adenopathy was present in 2 
cases. All of these cases, and the majority reviewed 
in the literature, showed hypercalcemia, although 
hypercalcemia is not necessarily accompanied by 
nephrocalcinosis. The soft tissue calcifications pres- 
ent in association with sarcoidosis occur both in the 
sarcoid lesions and as metastatic foci in normal tissue. 

There appears to be no definite correlation between 
the hypercalcemia and bony involvement. 

It is advised that patients with nephrocalcinosis 
should be thoroughly investigated for sarcoidosis. 
Everett E. Seedorf, M.D. 


Mortensen, JD, and Emmett, Joun L. 
Nephrocalcinosis: a collective and clinico- 
pathologic study. ¥. Uro/., April, 1954, 77, 
398-406. 


Summary and Conclusions: Considering as nephro- 
calcinosis only that diffuse renal parenchymal calci- 
fication which is demonstrable roentgenographically, 
the authors have collected from the medical litera- 
ture 48 cases and from the files of the Mayo Clinic 
43 cases of this disorder. Analysis of data derived 
from study of these g1 collected cases of nephrocalci- 
nosis has led them to make the following observa- 
tions concerning this lesion: 

The underlying primary disorder responsible for 
the development of nephrocalcinosis is recognizable 
clinically in approximately 84 per cent of the cases. 
Three disorders, namely, primary hyperparathyroid- 
ism, hyperchloremic acidosis and chronic pyelo- 
nephritis, are responsible for 75 per cent of the cases 
of nephrocalcinosis. Less common etiologic disorders 
are chronic glomerulonephritis, recurrent “‘idio- 
pathic” renal lithiasis and “idiopathic” hypercalci- 
uria. 

There are no characteristic symptoms or physical 
findings attributable to nephrocalcinosis, and its 
clinical recognition depends on its roentgenographic 
demonstration. 

Adequate clinical evaluation of the patient with 
nephrocalcinosis includes determination of concen- 
tration in blood of calcium, phosphorus, carbon 
dioxide combining power, chlorides and urea or non- 
protein nitrogen. Proper interpretation of the results 
of these laboratory determinations usually indicates 
the nature of the primary disorder responsible for the 
nephrocalcinosis. 
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Pathologic findings in patients with nephrocalci- 
nosis include deposits of calcium primarily in medul- 
lary regions in relation to collecting tubules, and 
chronic inflammatory changes in medullary inter- 
stitial tissues. Degenerative changes, including large 
areas of destruction, replacement with calcareous 
deposits, cystic dilatation and deformity of tubules, 
and cicatrization, are common findings in kidneys 
with nephrocalcinosis. However, none of these gross 
or histologic findings are pathognomonic of roent- 
genographically demonstrable nephrocalcinosis and 
any or all may be present in kidneys which do not 
cast roentgenographic shadows which can be inter- 
preted as nephrocalcinosis. 

Early recognition and prompt eradication of the 
primary causative disorder before advanced renal 
insufficiency has developed appear to offer patients 
with nephrocalcinosis the best chance for postponing 
or avoiding fatal uremia.—George W. Chamberlin, 


M.D. 


Mortensen, JD, Baccenstoss, Arcuie H., 
Power, MarscuHe te H., and Pucu, Davip 
G. Roentgenographic demonstration of histo- 
logically identifiable renal calcification. Radt- 
ology, May, 1954, 62, 703-712. 


The postmortem kidneys of 210 patients were 
stidied for histologically identifiable calcification of 
the renal parenchyma. It was found that parenchy- 
mal calcification commonly exists in the kidneys toa 
degree, extent or type that is not demonstrable 
roentgenographically. 

Disorders in which renal calcification was demon- 
strated roentgenographically include primary hyper- 
parathyroidism, chronic glomerulonephritis and 
chronic pyelonephritis. 

Renal calcification identifiable histologically, but 
not roentgenographically was demonstrated in such 
disorders as hypochloremic alkalosis accompanying 
chronic duodenal ulcer, osteolytic lesions of various 
types, vitamin D intoxication and renal insufficiency 
secondary to a variety of organic renal lesions. 

Quantitative chemical determinations generally 
demonstrate a higher content of calcium in those 
kidneys in which there was roentgenographic evi- 
dence of calcification. 

It is suggested that the term “nephrocalcinosis” 
should be reserved for the type of renal calcification 
which can be shown roentgenographically, while the 
term “renal parenchymal calcification” should refer 
to that which is identifiable only by histological 
examination.—Everett E. Seedorf, M.D. 


Swartz, Davip. Renal papillary necrosis. 

Urol., April, 1954, 7/, 385-397. 

Renal papillary necrosis is an ischemic necrosis 
involving primarily the renal papilla. It can be diag- 
nosed by clinical, pathological and roentgenological 
findings. While the disease is most commonly as- 
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sociated with pyelonephritis it may also occur as a 
primary vascular lesion independent of pyelonephri- 
tis or as an isolated lesion with no demonstrable 
vascular occlusion or infection. It may be seen in 
diabetic patients with or without predisposing fac- 
tors of urinary stasis or in non-diabetic patients 
most of whom exhibit some degree of obstruction in 
the urinary tract. 

The bacteria most commonly found in this condi- 
tion are Escherichia coli but others such as Staphylo- 
coccus aureus, Friedlander’s bacillus, Bacillus proteus, 
alpha and beta streptococci and 
aeruginosa may also occur. 

The roentgen pyelographic findings are a moth- 
eaten appearance of the minor calyces resulting from 
necrosis and sloughing of the renal papilla with non- 
opaque defects within the contrast filled pelvis due 
to blood or debris. 

The differential diagnosis should include: (1) renal 
tuberculosis; (2) pyelonephritis without papillary 
necrosis; (3) renal tumor with pelvic involvement 
and hemorrhage; (4) renal colic with non-opaque 
calculi. 

In this article 3 cases of papillary necrosis are 
reported with illustrations of pyelographic and gross 
and microscopic pathological changes.—George W. 
Chamberlin, M.D. 


Pseudomonas 


fHeACH, J. N. Enuresis in children; the value 
of radiological investigation. Proc. Roy. Soc. 
Med., May, 1954, 475 348 “350. 


Enuresis is defined as a state in which normal 
micturition occurs without the patient’s knowledge. 

Of 276 children between two and fifteen years 
undergoing urographic examination at the Bristol 
Children’s Hospital, 164, or $9.4 per cent, were in- 
vestigated because of enuresis. Of these, 108 were 
boys and §6 were girls. All children had retrograde 
pyelography which included a post-micturition film 
to show residual urine. 

Eighty-eight of these were normal. Twenty-five 
had developmental anomalies which included a soli- 
tary right kidney, a horseshoe kidney, an ectopic 
kidney and several cases of duplex kidney. One of 
these had a second ureter emptying into the external 
urethral meatus. 

Thirty-three had trabeculation of the bladder 
which was taken as evidence of bladder disease. Six 
cases had cystitis and 18 had bladder neck hyper- 
trophy, the presenting symptom of which is fre- 
quently enuresis. 

Twenty-three had definite residual urine. This was 
significant only in children over five years of age after 
two attempts at micturition. In 10 cases it was asso- 
ciated with bladder neck hypertrophy. 

Three children had severe renal lesions, 1 having 
a ureterocele with unilateral hydronephrosis, 1 
renal tuberculosis and 1 chronic pyelonephritis with 
recurrent cystitis. 
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The author feels that excretory urography plays 
an important part in the investigation of enuresis. 
Of all cases examined, 70 to 75 per cent will probably 
be normal, 20 to 25 per cent will probably show or 
suggest bladder neck hypertrophy, and 1 to 2 per 
cent may show more serious conditions or develop- 
mental defects causing the enuresis.—William C. 
MacCarty, ‘Fr., M.D. 

FRIEDMAN, Paut S., Sotis-CoHEN, Leon, and 
Jorre, Samuet M. Urethral calculus: its 
roentgen evaluation. Radiology, Feb., 1954, 
62, 248-250. 


Urethral calculi are not uncommon. They are of 
two major types, primary and secondary. The 
former originate in the urethra while the latter mi- 
grate to the urethra from elsewhere in the urinary 
tract. 

Poorly draining intra-urethral and para-urethral 
cavities, the sequelae of prostatic and peri-urethral 
abscesses, postgonorrheal urethral glandular infec- 
tion and congenital or acquired diverticula which 
result in urinary stagnation and infection enhance 
the formation of primary calculi. They are often 
single but may be multiple when in a diverticulum 
and are usually composed of calcium phosphate. 
Urethral strictures are not a prerequisite and do not 
necessarily predispose to their formation. They are 
often asymptomatic for a long period. 

Secondary calculi, much more frequent in males, 
are almost always single, and usually contain a 
nucleus of uric acid and calcium oxalate. 

The authors present a case report of a man with 
a large urethral calculus measuring 4.2 by 3.0 by 
2.5 cm. in size. Roentgenograms showed its subpubic 
location in the midline. Urethrography demonstrated 
its position in relation to the urethra. Surgical re- 
moval resulted in relief.—Donald N. Dysart, M.D. 


Bunce, R. G. Further observations with de- 
layed cystograms. ¥. Uro/., April, 1954, 77, 
427-434. 

Technique: The bladder is slowly filled but not 
overdistended by a warm solution of 10 per cent 
skiodan. The catheter is withdrawn and a film ex- 
posed immediately. The patient is instructed to re- 
tain the fluid and films are exposed at intervals of 
thirty minutes for one hour. 

Results: Among 24 normal children and adults 
ranging from nine months to seventy-four years of 
age ureteral reflux was not demonstrated in any of 
the examinations. 

Ureteral reflux occurred in 8 of 36 patients with 
neurologic bladder. In these 8 cases the residual 
urine ranged from 30 to 250 ml. 

Among 28 patients with bladder neck obstruction, 
ranging in age from twenty months to eighty-five 
years, ureteral reflux was seen in 6 children and 3 
adults. In 3 of the 6 children reflux did not appear on 
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the initial cystogram but was detected on subsequent 
delayed cystograms. 

In 24 full term pregnant women ureteral reflux did 
not occur in any instance. 

Twenty-three patients with urological disease in 
whom ureteral reflux would not ordinarily be sus- 
pected were examined. Five adults and 4 children 
showed ureteral reflux. 

Summary: Ureteral reflux is rare in normal indi- 
viduals. It is more likely to occur in children with 
vesical neck obstruction and may be a factor in per- 
sistent pyuria even after the vesical obstruction has 
been removed. Two cases of “automotive” pyelitis 
are briefly discussed.—George W. Chamberlin, M.D. 


BorjseN, Erik, and Lewis-Jonsson, JOHAN- 
NES. Emphysematous cystitis. radiol., 
March, 1954, 47, 269-276. 


To quote the authors, “Our present knowledge of 
the etiology and pathogenesis of emphysematous 
cystitis may be summarized by saying that it is 
brought about primarily by bacteria belonging to 
the colon group, that diabetes mellitus promotes its 
occurrence and that it appears to be a condition of 
cystitis rather than a disease sui generis.” 

The diagnosis may be established at cystoscopy 
or by roentgen examination. Three stages in the 
evolution of the condition can be distinguished, and 
the roentgen findings are different in each stage. 

Stage 1: Gas production commences in the bladder 
wall. On roentgen examination the gas appears as a 
clear zone about 1 mm. wide around the contrast 
medium in the bladder. 

Stage 2: Gas production in the bladder wall is 
more advanced. Individual vesicles can now be dis- 
tinguished in great numbers. The lumen of the 
bladder is reduced, and the wall is irregularly thick- 
ened. 

Stage 3: Rupture of the intramural vesicles reduces 
the amount of gas in the wall and releases it into the 
bladder. The bladder wall returns to normal thick- 
ness and the bladder lumen to normal size. 

A case of emphysematous cystitis in a diabetic 
female is reported, and roentgenograms of all stages 
are reproduced.—George Cooper, ‘fr., M.D. 


HinMAN, Frank, JR., Mitter, Geratp M., 
NickeL, E_pon, and Miter, Fart R. Vesi- 
cal physiology demonstrated by cinéradiogra- 
phy and serial roentgenography; preliminary 
report. Radiology, May, 1954, 62, 713-719. 
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The authors report the results of studies of vesical 
physiology in normal female subjects. Cineradiology 
and serial roentgenography were employed to pro- 
duce sequence cystograms during voiding. With the 
roentgen movies they were able to make exposures at 
the rate of 3.25 frames per second; with the Fairchild 
roll-film cassette, the time between films was 1.1 sec- 
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onds. Two hundred cubic centimeters of 7 per cent 
sodium iodide and 25 per cent skiodan (or of 25 per 
cent skiodan alone) were injected by cathether into 
normal nulliparous women. Serial exposures were 
made during the entire time of emptying the blad- 
der. 

The results of their studies have caused the authors 
to question some of the current concepts of the mech- 
anism of urination. Urination, while coordinated, 
appears to be made up of several semi-isolated com- 
ponents, which may act independently. They ob- 
served the following sequence in nulliparous female 
subjects: 

(1) Isometric detrusor contraction and opening 
of internal sphincter; (2) relaxation of perineal 
muscles; (3) emptying contraction of detrusor; (4) 
isolated closure of external sphincter; (5) contrac- 
tion of perineal muscles with elevation of base of 
bladder, (6) closure of internal sphincter and relaxa- 
tion of detrusor. 

The use of the techniques described for the study 
of the normal and diseased bladder in the male and 
female patient should aid our understanding of 
vesical physiopathology.—Arno W. Sommer, M.D. 


DeWeerp, James H. Lipomatous retroperi- 
toneal tumors: urographic findings. ¥. Uro/., 
April, 1954, 7/7, 421-426. 

Preoperative diagnosis of retroperitoneal lipoma- 
tous tumors is both difficult and unusual. Symptoms, 
as a rule, are minimal, a common complaint being 
gradual unexplained enlargement of the abdomen. 
Sometimes the palpable mass is a finding incidental 
to routine physical examination. Urinary symptoms 
are conspicuous by their absence. 

This article is a discussion centered around a re- 
view of 31 cases of known retroperitoneal fatty 
tumor. In 5 instances a survey film only was re- 
corded and did not contribute to the diagnosis. 
Twenty-six cases had excretory or retrograde pyelo- 
grams. In 13 of these, there was renal displacement, 
often associated with some degree of torsion, with- 
out distortion of the collecting system. There was 
distortion of the collecting system in 3 instances; 
displacement of the ureter in 3; a visible soft tissue 
mass was contiguous to the kidney in 2 patients, and 
the pyelographic findings were negative in 5 cases.— 
George W. Chamberlin, M.D. 


Nervous SYSTEM 


Jacoss, Lewis G., Smiru, JAMeEs K., and Van 
Horn, Puitirp S. Myelographic demonstra- 
tion of cysts of spinal membranes. Radiology, 
Feb., 1954, 62, 215-221. 

This article gives 2 case reports of cysts projecting 
from the subarachnoid space which were filled with 
opaque medium at myelography. One was a con- 
genital extradural meningeal cyst and the other a 
perineurial cyst. 
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Routine roentgenograms of the spine may show in 
the extradural meningeal cyst only slight widening 
of the spinal canal in either diameter or erosion of the 
pedicles. The usual myelographic finding is that of 
a partial or complete block and the cyst will not Le 
seen unless it communicates with the subarachnoid 
space. These cysts arise by a gradual ballooning out 
of the meningeal membranes from a point of con- 
genital weakness near the root exit zone. 

Perineurial cysts are thought to arise from a split- 
ting of the nerve root coverings, possibly on the basis 
of inflammatory changes, with eventual distention of 
the potential space between the endoneurium and the 
perineurium to form a true cyst. Routine roentgeno- 
grams usually show negative findings and myelo- 
grams almost always fail to fill the cysts. Absence of 
signs of disc herniation on the myelogram is an im- 
portant differential point since the clinical picture of 
the two conditions is identical.—Donald N. Dysart, 


M.D. 


Heiser, SAuL, and Swyer, Atrrep J., Mye- 
lography in spinal metastases. Radiology, 
May, 1954, 62, 695-702. 

The authors reviewed 75 cases of tumors involving 
the spinal canal which had been studied by myelog- 
raphy; 27 per cent of them were metastatic cancer 
and 8 per cent were lymphoma. 

Mechanisms explaining the occurrence of meta- 
static lesion in the epidural space of the spinal canal 
are described under the following: (1) hematogenous 
spread, (2) vertebral vein system dissemination, (3) 
extension from adjacent osseous structures, (4) direct 
extension via the intervertebral foramina, and (5) 
primary growth of lymphoma within the sy inal canal. 

The usual symptoms and signs produced by pres- 
sure on the epidural structures are considered. 
Osseous metastases were seen in 12 of the 20 cases 
with metastatic cancer and coincided with the level 
of cord compression in 10 instances. The interpedicu- 
late measurement was generally not useful in diag- 
nosis. 

The myelographic filling defects varied consider- 
ably. They depended upon the degree of obstruction 
produced by the tumor, the configuration of the 
neoplasm, the relationship of the mass to the cord 
or cauda equina, and the status of the supporting 
osseous structures. In most instances a complete 
block was demonstrated. In the cervicodorsal region 
there was usually a smooth concave margin of the 
contrast medium while in the lumbar region the 
obstruction was usually more abrupt with dentate 
margins. Figures illustrate these changes. 

There is usually no difficulty in differentiating 
from intramedullary tumors. Intradural, extramedul- 
lary tumors are generally more abruptly and sharply 
demarcated because of the absence of intervening 
dura between the dura and contrast agent. 

Metastatic lesions producing only partial block 
give filling defects which are unilateral, broad, 
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smooth, sweeping indentations sometimes extending 
over several vertebral segments.—Fverett E. Seedorf, 


M.D. 
SKELETAL SYSTEM 
Coteman, E. N., and Foore, J. B. Cranioste- 


nosis with familial vitamin-D-resistant rickets. 
Brit. M. F., March 6, 1954, 7, 561-562. 


The authors report the case of a boy aged six years 
with vitamin D resistant rickets who also suftered 
from scaphocephaly due to premature closure of the 
sagittal suture. 

Only one previous case with this association has 
been discussed in the literature although it has evi- 
dently been present in other reported cases, and has 
been mistaken for a purely rachitic phenomenon. 
Arthur E.. Childe, M.D. 


GoLpFARB, ARTHUR A., and Forp, DouGtas. 
Osteogenesis imperfecta congenita in con- 
secutive siblings. ¥. Pediat., March, 1954, 
44, 264-268. 


The authors report the occurrence of the con- 
genital type of osteogenesis imperfecta in consecutive 
siblings of the same parents, representing the second 
and third offspring. Both infants followed the same 
clinical course with death occurring after the onset 
of an intercurrent respiratory infection which failed 
to respond to therapy. The first sibling died at the 
age of 53 months and the second at the age of 5 
months. 

The congenital type of osteogenesis imperfecta 
usually does not exhibit a familial tendency. The 
striking clinical feature is a softness of the cranial 
vault with subsequent deformities in the temporal 
and occipital regions. Multiple fractures may occur 
at birth producing grotesque deformities of the trunk 
and extremities. Pseudojoints may be evident at the 
fracture sites. The patients rarely survive infancy. 

Osteoporosis is the most important roentgen find- 
ing in this condition. Marked thinning of the cortex, 
diminution of the thickness of the shaft of the bone 
with some flaring toward the diaphysis, normal 
epiphyseal-metaphyseal relationship and coarsening 
of the trabeculation are the characteristic features. 
Callus formation in varying stages may be present 
about the fracture sites. Ossification centers are nor- 
mal. In one case, the long bones were broadened. 

The exact mechanism for the development of 
Osteogenesis imperfecta is not clear. The lack of 
lamellar bone formation and the presence of patho- 
logical fiber bone may account for the defect in 
mesenchymal tissue which is postulated as the fun- 
damental pathology of this condition.—fames F. 
Martin, M.D. 


Lirss, G. Die Nebenkernbildung bei der nor- 
malen und gestérten Epiphysenossifikation 
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und ihre Beziehung zu den aseptischen 
Nekrosen. (The formation of accessory ossi- 
fication centers in the normal and disturbed 
ossification of the epiphysis and its relation- 
ship to the aseptic necroses.) Fortschr. a. d. 
Ceb. d. Réntgenstrahlen ver. m. Réntgenpraxis, 
Feb., 1954, 80, 153-165. 


Aseptic necroses do not represent an individual 
disease but are caused by many different factors 
such as trauma, embolism or inflammatory processes. 
For the greater number a so-called insufficiency 
damage is the best conjecture. 

The formation of accessory ossification centers is 
one of the factors which may lead to aseptic necroses. 
Its relationship to aseptic necroses is practically im- 
portant and theoretically interesting since accessory 
ossification centers may simulate aseptic necroses, or 
aseptic necroses may develop on the basis of the for- 
mation of accessory ossification centers. 

The author gives the history and the roentgeno- 
graphic findings of 3 cases which show accessory ossi- 
fication centers. These cases and those which he 
found in the literature prove that on certain epiphy- 
ses and at a certain age formation of accessory ossifi- 
cation centers is normal, otherwise it represents an 
abnormal process of the epiphysis. Different factors 
may account etiologically for the deviation from 
normal. These are, as confirmed by author’s cases, 
either infammatory processes and hormonal dis- 
turbances, or a congenital disturbance of the forma- 
tion of the epiphysis. 

The author concludes that there is a twofold rela- 
tionship to the aseptic necroses and that aseptic 
necroses may be simulated by “fragmented” epiphy- 
ses. They may develop in constitutionally weak 
epiphyses, the “weakness” being due to a disturbed 
ossification with formation of accessory ossification 


Hans Lewin, M.D. 


Soupers, Cartron R., and Manvue.t, J. 
Lawrence. Skeletal deformities in hyper- 
parathyroidism; report of a case. New Eng- 
land F. Med., April 8, 1954, 250, 594-597. 


centers. 


This is a case report of a twenty-nine year old 
woman with a five year history of vague joint pains, 
progressive deformity of the thorax, swelling of the 
tips of the fingers and fracture of several bones fol- 
lowing slight trauma. A cyst of the mandible had 
been removed and was diagnosed as a “giant cell 
tumor.” 

Roentgenographically there was severe osteo- 
porosis of all the bones with coarsening of the 
trabeculae. There were cysts in many bones. The 
hands showed severe subperiosteal resorption in the 
proximal and middle phalanges. The terminal 
phalanges were almost completely absorbed and 
there was clubbing of the soft tissues. There was 
complete resorption of the dental lamina dura. There 
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was collapse of three of the upper dorsal vertebrae. 
No renal calculi were seen. 

Laboratory studies showed elevated serum cal- 
cium, lowered phosphorus, and elevated alkaline 
phosphatase and hypercalciuria. A moderate anemia 
was present. There was slight diminution of renal 
function. 

The diagnosis of hyperparathyroidism was made 
and a parathyroid adenoma removed. 

Following this, the patient had prompt sympto- 
matic recovery and skeletal recalcification, but the 
s:vere deformities persisted. 

Most of the skeletal changes seen here are those 
usually associated with hyperparathyroidism. The 
subperiosteal resorption of the terminal phalanges is 
seen in this disease and in renal osteodystrophy. The 
explanation for the clubbing of the fingers is obscure, 
but may be related to the reduced vital capacity 
secondary to the severe skeletal deformity. It may 
represent rounding of the tissues resulting from loss 
of the skeletal support, or may be a specific soft 
tissue reaction to the bone disease. The anemia could 
have contributed to it. 

The absence of renal calculi was probably ex- 
plained by the low calcium intake of the patient. 
George L. Sackett, Fr., M.D. 


Paimer, J. D., and MacKay, J. W. Hereditary 
deformirg chondrodysplasia; report of an 
unusual case. Brit. F. Surg., March, 1954, 
41, 462-466. 


The authors present an interesting case of heredi- 
tary deforming chondrodysplasia in a young male 
whose major complaint was a huge exostosis arising 
from the left clavicle which endangered his life by 
tracheal obstruction. This mass on the clavicle had 
grown rapidly in the last four years although it had 
been present since childhood. A bone survey of this 
patient revealed multiple ecchondromas and en- 
chondromas affecting most of the metaphyses of the 
long bones. The mass was removed and found to be 
a benign osteochondroma. 

In the pathology of this condition the exostoses 
may number from one to one thousand. The ends of 
the long bones are primarily affected, the common 
sites being the femur and tibia in the region of the 
knee joint, the upper end of the fibula and the lower 
ends of the radius and ulna. The histogenesis is in 
dispute with one school considering that the abnor- 
mal processes consist of fragments of cartilage from 
the epiphyseal line, isolated on the surface of the 
metaphyses and proliferating to form exostoses. The 
second group holds that the periosteum is incom- 
plete at the sites of these cartilaginous rests and fails 
to mold the metaphyses in a normal manner. A 
general survey of the literature reveals that malig- 
nant changes develop in 7 to 11 per cent. 

The roentgen findings of hereditary deforming 
chondrodysplasia have three salient features: (1) 
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formation of multiple exostoses of the pedicle or 
broad base type; (2) widening of the metaphyseal 
ends of the long bones; (3) deficient growth of the 
ulna or fibula with continued growth of the radius 
and ulna producing bowing of the radius or tibia. The 
differential diagnosis includes chondrodysplasia and 
metaphyseal dysostosis.— Thomas D. Allison, M.D. 


THompson, Paut C. Subperiosteal giant-cell 
tumor; ossifying subperiosteal hematoma 
aneurysmal bone cyst. 7. Bone & Foint Surg., 
April, 1954, 36-4, 281-291. 


The author uses in this paper a threefold tit!e to 
bring together the ideas regarding a single entity 
which has been described in the literature under 
many apparently unrelated terms. This benign bone 
lesion characteristically occurs as a mass displacing 
or lying in soft tissues with its base attached to the 
shaft of a long bone. The mass is surrounded by a 
thin, dome-like shell of calcified bone enclosing cystic 
spaces which are filled with blood. The lining of the 
cystic spaces is a very cellular structure which may 
closely resemble a giant-cell tumor. Lesions involv- 
ing vertebrae, flat bones and small bones of the 
hands and feet may be modified from this classical 
pattern by local anatomy which permits or prevents 
the typical development. 

Most of the articles in the American literature 
refer to the lesion as a hematoma which is ossifying 
or calcifying. Bloodgood in 1910 recognized the con- 
dition and interpreted it as a bone cyst due to 
periosteal hematoma with formation of a bony shell 
about the hematoma. Cone in 1928 regarded the 
lesion as an ossifying subperiosteal hematoma result- 
ing from trauma with various histological elements 
proliferating in the course of normal attempt at re- 
pair. During the 1930s and 1940s attention was fo- 
cused on the microscopic aspects of the lesion and 
hence arose such terms as “subperiosteal giant-cell 
tumor” and “atypical giant-cell tumor,” the former 
introduced by Geschickter and Copeland and the 
latter by Coley and Miller. In 1950, Lichtenstein 
recommended the term “aneurysmal bone cyst”’ to 
avoid the misunderstanding which a term suggesting 
a neoplastic process may produce. Lichtenstein, 
while rejecting the explanation of traumatic origin, 
agrees with the concept of vascular disturbance. He 
believes that the lesion originates within the bone 
and that the bony shell represents the ‘“‘attenuated 
remnants of the original cortex.” 

The ability to recognize the somewhat unusual 
but characteristic features of the lesion is of practical 
importance and the description of these features was 
the purpose of the author in this paper. The tumor 
differs in many respects (age of the patients, location 
of the lesion, roentgenographic and microscopic ap- 
pearance) from genuine giant-cell tumor and prob- 
ably represents a reparative process following some 
as yet undetermined vascular disturbance about the 
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periosteum and surrounding tissues. It seems prob- 
able according to Thompson that such a growth 
might arise from rupture of a periosteal or nutrient 
vessel with subsequent seepage of blood and tumor 
formation. Such a hypothesis emphasizes the non- 
neoplastic nature of the disease and belies any con- 
venient diagnostic term available. The origin of the 
lesion—that is whether it arises within or outside of 
bone—and the role played by trauma are still mat- 
ters for discussion. 

The roentgenographic features vary during the 
natural growth of the tumor. In its early develop- 
ment the lesion produces a soft tissue mass of in- 
creased density but without calcification or changes 
in the adjacent bone. The intermediate stage, during 
the third or fourth month of duration, shows gradual 
development of a domelike calcified shell outlining 
the periphery of the tumor. As time progresses, spon- 
taneous healing may occur, with the mass becoming 


ossified.—Ralph S. Bromer, M.D. 


Braptey L., and HicinporHam, Nor- 
MAN L. Secondary chondrosarcoma. Ann. 
Surg., May, 1954, 139, 47-559. 


Secondary chondrosarcomas are malignant tumors 
having their origin in previously existing benign 
chondromas. Although the frequency of malignant 
degeneration is difficult to estimate, the authors 
believe that the incidence is significantly high to 
justify extreme watchfulness if not prophylactic re- 
moval. The enchondromas in the long bones, the 
bulky projecting osteochondromas with irregular 
calcifications and the chondromas in the bones of the 
pelvis are most apt to undergo malignant change. 

In the authors’ series of 52 cases the average age 
incidence was 38.9 years at the time of discovery of 
the secondary chondrosarcoma. The time for sar- 
comatous degeneration varied from eighteen months 
to thirty years. 

Pain in a previously asymptomatic cartilaginous 
tumor, acceleration of growth, or suggestive changes 
in the roentgenogram are the most significant signs 
and symptoms of malignant degeneration. A biopsy 
report of benign chondroma should be held with 
suspicion when the above signs and symptoms are 
present and if surgical extirpation is not accom- 
plished, frequent re-evaluation should be done. 

Surgery is the only treatment for the secondary 
chondrosarcomas. The authors believe that removal 
of benign chondromas may in reality constitute can- 
cer prevention. The prognosis is far more favorable 
than is the case in osteogenic sarcomas or in the 
primary chondrosarcomas. Metastases are prone to 
occur much later. Because of this fact, the authors 
believe that these secondary chondrosarcomas should 
be separated from the statistics of other bone sar- 
comas. It is also advocated that a ten year follow 
up would be a more significance than a five year 
study when considering prognostic implications. 
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A final plea is made for more aggressive treatment 
of benign cartilaginous tumors and a prompt aggres- 
sive surgical treatment is advocated once the malig- 
nant phase has been recognized.—Fay H. Squire, 


M.D. 


CampBELL, Douctas J., and Doy te, J. OLIver. 
Tabetic Charcot’s spine; report of eight 
cases. Brit. M. F., May 1, 1954, 7, 1018-1020. 


The authors report the clinical findings in 8 cases 
having changes diagnosed as a tabetic Charcot’s 
spine. 

The most characteristic feature of Charcot’s spine 
is the disproportion between the severity of the 
process disclosed by the roentgenogram and the 
slight discomfort and disability complained of by the 
patient. 

The process is usually limited to one or two seg- 
ments of the spine with marked deformity and little 
or no tenderness or muscle spasm. It is claimed that 
roentgenologically the alternation between sclerosis 
and rarefaction, bone absorption and bone apposi- 
tion, is the most striking feature in Charcot’s spine. 
In some cases the destructive, in others the prolifera- 
tive, changes prevail.—V. L. Peterson, M.D. 


Leirner, BALpo. Obstacles to reduction in sub- 
talar dislocations. 7. Bone & Foint Surg., 
April, 1954, 36-4, 299-306. 


In this paper obstacles to reduction in subtalar 
dislocations are discussed. In 3 of 4 cases of medial 
dislocation, open reduction was necessary because of 
the nature of the dislocation. In 2 of these it was 
undertaken because of impaction of the navicular in 
the fractured head of the talus and in 1 because of 
impaction of the ligamentum cruciatum cruris. In 
the fourth case, however, reduction by the open 
method was necessary because of an accompanying 
subluxation of the talus, around which the tendons 
of the musculi peronei were twisted. 

Only 1 of § lateral dislocations was irreducible at 
first because of the position of the tendon of the 
tibialis posterior, but even this was reduced by the 
method described by Bohler. In this case, increase in 
length of the tendon was about 3 cm. The increase 
in length apparently came from that part of the 
tendon proximal to the injury site. The tendon was 
displaced mediolaterally from its normal groove at 
the distal end of the tibia and passed diagonally over 
the distal end of the tibial shaft. That part of the ten- 
don which inserted into the navicular and medial 
cuneiform was carried laterally with the dislocation, 
with the result that the tendon slipped laterally over 
the head of the talus. It then passed from the plantar 
surface of the navicular dorsally over the joint cavity 
of that bone, lateral to the neck of the talus, and from 
there diagonally to the medial side of the distal end 
of the tibia. 
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The paper is illustrated with roentgenographic 
reproductions and anatomical drawings of the dis- 
locations.—Ralph S. Bromer, M.D. 


Srewart, Marcus J., and Mitrorp, Lee W. 
Fracture-dislocation of the hip; an end-result 
study. 7. Bone & Foint Surg., April, 1954, 
36-A, 315-342. 


This paper deals with the treatment of fracture- 
dislocation of the hip, the complications, and the end 
results in a series of 193 patients with an adequate 
follow-up of 128. 

In their comment and conclusions the authors 
state that dislocation of the hip is an emergency 
demanding immediate reduction. Manipulative re- 
duction should take precedence over treatment of all 
other skeletal injuries and even abdominal injuries. 
Open reduction of the acetabulum may be delayed 
provided the dislocation of the femoral head has 
been reduced. Postoperative immobilization is neces- 
sary only to maintain stability. If fractures are 
stable, there is no indication for prolonged restriction 
of weight-bearing. Early, active, and vigorous exer- 
cise to restore muscle function and to prevent de- 
generation of the articular cartilage is a major 
feature of therapy. Early exercise does not tend to 
promote the deposition of calcium or the develop- 
ment of myositis ossificans. The age of the patient has 
little influence upon the end result. 

The differential diagnosis between avascular necro- 
sis and degenerative arthritis as complications is 
often difficult. Transitory or permanent increase in 
density or cystic changes in the head and neck of the 
femur are undoubtedly due to vascular disturbances. 
Such changes may logically be called avascular 
necrosis or sclerosis. The authors attempt to draw a 
distinction between arthritis and avascular necrosis, 
basing their diagnosis of avascular necrosis upon the 
presence of infarction in the femoral head. Avascular 
necrosis is the result of disruption of the blood supply 
to the femoral head and is possibly the result of in- 
tracellular molecular changes in the femoral head 
incidental to force and counterforce imposed at the 
time of injury. The average rate of development of 
avascular necrosis is the same, regardless of the 
method of treatment. Arthritis develops in direct 
proportion to the severity of the fracture and the 
extent of vascular damage. 

Injuries of the sciatic nerve warrant exploration 
if their effects persist for two weeks without improve- 
ment.—Ralph S. Bromer, M.D. 


THIEMEYER, JOHN S., Jr. Monarticular cocci- 
dioidal arthritis; report of a case with appar- 
ent cure following synovectomy. ¥. Bone & 
Foint Surg., April, 1954, 36-4, 387-390. 
Involvement of joints can occur in the acute or in 


the chronic granulomatous stage of coccidioidal in- 
fection. The disease produces a primary mild pul- 
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monary involvement often diagnosed as “‘flu.”” Dur- 
ing the disseminated or secondary phase, signs of 
acute arthritis develop in about a third of the pa- 
tients. This may appear simultaneously with ery- 
thema nodosum. It is the chronic granulomatous 
phase which may be the forerunner of disseminated 
disease which will lead to death. Survival is the rule 
for the acute phase, but the mortality is high in the 
granulomatous phase. 

In the case reported in this paper, the patient had 
acquired the infection when he was in army training 
in an endemic area. The secondary granulomatous 
stage of the condition became apparent in the right 
knee and during the next several years the disease 
in the joint pursued an indolent but progressive 
course, until it finally became disabling. The roent- 
gen examination after synovectomy showed a slight 
narrowing of the joint interspace but no significant 
abnormality could be visualized. While synovectomy 
is a departure from the usual treatment of arthrodesis 
or amputation, the author believes that it may be 
considered in selected future cases of monarticular 
coccidioidomycosis as an effective and nondeforming 


procedure.—Ralph S. Bromer, M.D. 


Copianp, A. Bone changes in dia- 
betes. Proc. Roy. Soc. Med., May, 1954, 47, 
345-347: 

Jordan, in 1936, first drew attention to the co- 
existence of Charcot joints and peripheral neuritis 
in diabetes. Since then 68 cases have been presented 
and several authors have expressed the opinion that 
these are true neuropathies independent of impaired 
blood supply. 

The author examined roentgenographically the 
metatarsals and phalanges of all patients from the 
Diabetic Clinic of the Bristol Royal Infirmary who 
had symptoms or signs referable to their feet, either 
absent reflexes, diminished sensation, gangrene, ab- 
sent pulses or ulcers. Fifty patients were examined of 
400 patients attending the clinic and 19 of these 
showed bone changes. 

None had the classical features of a Charcot joint. 
It was found that all of the patients showing bone 
changes had an inflammatory lesion presently or pre- 
viously near the site of the affected bone which was 
thought to be the direct cause of the bone changes. 

Osteoporosis is the first bone change followed by 
a break in the cortex, usually in the neck of the 
phalanx or metatarsal. Then an osteitis ensues. If 
healing occurs at this point, there is a periosteal 
reaction and bone repair. If not, the head of the bone 
is gradually destroyed followed by the shaft and 
medulla. The edges of the bone approximate each 
other giving a tapered appearance. The process may 
be arrested at any stage which is not the case in 
neuropathic joints. 

Although there is no reason why a Charcot joint 
should not develop in a diabetic with neuritis, it is 
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considered that the vast majority of the bone 
changes commonly seen in this condition although 
influenced by poor blood supply, lack of sensation 
and possibly by the abnormal metabolism of diabetes 
are due to an inflammatory process.—William C. 
MacCarty, ‘fr., M.D. 


Brain, Russevi. Spondylosis; the known and 
the unknown. Lancet, April 3, 1954, 7, 687- 
693. 

The author’s interest is primarily concerned with 
the effects of the disk degeneration upon the nervous 
system. 

The changes are grouped under the term “‘spondy- 
losis,” which implies that the lesions are degenera- 
tive and not inflammatory. Sometimes the term 
“herniation” of the intervertebral disk is used and 
sometimes the term “protrusion.” It is widely be- 
lieved that the two are synonymous. 

A distinction is suggested between two main types 
of intervertebral disk protrusion—(1) nuclear herni- 
ation and (2) annular protrusion. 

Nuclear herniation probably starts with swelling 
of the nucleus. The annulus, which is encroached 
upon by the expanding nucleus, undergoes fibrillary 
degeneration. Its inner fibers emerge with the nucleus 
while its outer fibers disintegrate. As the result the 
nuclear material may be extruded into one or other 
intervertebral foramen, or more dorsally. 

The production of an annular protrusion is differ- 
ent. Owing to various factors, of which age is prob- 
ably the most important, the intervertebral disk 
becomes dehydrated and loses its elasticity. As a 
result it collapses and the annulus bulges in all direc- 
tions. The protruded material becomes vascularized 
and its fibrous elements are increased in the same 
manner as in the nuclear herniation. Similarly, the 
added tissue increases the size of the original protru- 
sion, and again calcification or ossification may occur. 

The impairment of their normal functions leads to 
reactive changes in the bodies of the adjacent verte- 
brae. These are stimulated to new bone formation— 
i.e., the production of the osteophytes which tend to 
fuse with the disk protrusions. Furthermore, the 
collapse of a disk also results in subluxation of the 
corresponding intervertebral joints with secondary 
osteophyte formation on the articular processes, 
which leads to further narrowing of the intervertebral 
foramina. 

In the late stages it is not possible to distinguish 
the one type from the other by means of roentgeno- 
graphic study. 

Problems of Etiology. In this series of cases of 
cervical spondylosis two-thirds of the patients gave 
no history of trauma. Only 6 out of 45 gave a history 
of injury which could possibly have contributed to 
the causation of the disorder. Undoubtedly, the most 
important causal factor is the biochemical change in 
the intervertebral disks which occurs with ageing 
and is associated with a loss of water. 
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The mechanism of root compression depends not 
only upon the size and location of the protrusion but 
also upon the angulation of the radicular nerve and 
its situation in the foramen. At the same time the 
narrowing of the disk throws an additional strain 
upon the corresponding intervertebral joints and 
that leads to secondary osteophyte formation on the 
articular processes, thus narrowing the foramen 
posterolaterally. The chronic constriction of the 
nerve roots and radicular nerve, and associated 
ischemia, lead in time to the degeneration of the 
nerve fibers. 

In the roentgenological investigation of a patient 
suspected of cervical spondylosis it is usually neces- 
sary to make exposures in three lateral views (in 
the erect, flexed, and extended positions) as well as 
in an anteroposterior view and in right and left 
oblique views to show the intervertebral foramina. 
Without the flexed and extended lateral views it may 
be impossible to detect spondylolisthesis. In addi- 
tion, plain roentgenograms may show a narrowed 
intervertebral disk space, indicating disk degenera- 
tion; posterior osteophytes, in the manifestation of 
which especially soft tissue exposures may be helpful; 
and osteophytic invasion of the intervertebral fo- 
ramina. 

Some Radicular Syndromes of Cervical Spondylosis. 
The author believes that the various clinical pictures 
described in the past as “brachial neuritis” or 
“brachial neuralgia” are in most cases the result of 
the pathological changes described as root-sleeve 
fibrosis. 

The pain of radicular distribution due to cervical 
spondylosis and referred to the shoulder is not infre- 
quently followed by the condition known as “frozen 
shoulder” in which gross limitation of active and 
passive movements of the shoulder occurs and any 
attempt to move the joint causes pain. The possi- 
bility that a “frozen shoulder” is a symptom of 
cervical spondylosis should be considered. 

To add to the hazards of diagnosis, not only may 
cervical spondylosis coexist with an independent 
lesion of the nervous system but it may sometimes 
be associated with other abnormalities of the spine 
or of the spinal cord—particularly of congenital 
origin, such as congenital fusion of vertebrae, cervical 
spina bifida, and the Arnold-Chiari malformation. 
Syringomyelia and tabes may also cause a cervical 
arthropathy which may be actually complicated by 
spondylosis. 

Thoracic intervertebral disk protrusions are cer- 
tainly far less common than disk protrusions at the 
cervical and lumbar regions, presumably for me- 
chanical reasons. 

The same distinction between nuclear and annular 
protrusions discussed in connection with cervical 
disks applies also to the lumbar region. Certain 
points of difference are noted between the two. In 
the lumbar region acute nuclear protrusions are a 
much commoner cause of symptoms than in the 
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cervical region. In the lumbar region pre-existing 
disk degeneration is a more important predisposing 
cause of such nuclear protrusion than it is in the 
neck. Plain roentgenograms may provide no clue as 
to whether a narrowed lumbar intervertebral disk 
space is the result of simple disk degeneration, an- 
nular protrusion, or nuclear protrusion. 

Lumbar foraminal pressure-radiculitis increases in 
frequency with age, and is most commonly encoun- 
tered in the seventh and eighth decades. It is, how- 
ever, especially common in diabetics. It may be 
uniradicular or multiradicular and unilateral or bi- 
lateral. Pain is usually less severe than in sciatica 
resulting from disk protrusion and is less likely to 
be exacerbated by coughing or sneezing. It is often, 
however, influenced by posture and may be worse 
when the patient is sitting. When several roots are 
involved there may be conspicuous muscular weak- 
ness and wasting associated with fasciculation, and 
diminution or loss of the knee-jerks.—Stephen N. 
Tager, M.D. 


Hatrorp, and Jones, JAmes B. 
Tuberculosis of the spine; an end-result study 
of the effects of the spine-fusion operation in a 
large number of patients. ¥. Bone & Foint 
Surg., April, 1954, 36-4, 219-240. 


This is a very voluminous paper based on a study 
of 192 patients with tuberculosis of the spine who 
were operated upon. A few had undergone previous 
spine-fusion operations but active disease was still 
present (either in a second focus or as a progression 
of the disease in the original focus), and there was 
failure of arthrodesis or the fusion was found to 
include too few vertebrae. 

In the analysis of cases the treatment, complica- 
tions, subsequent spine fusions, pseudarthrosis, 
paraplegia and the end-results are discussed in 
detail. 

The authors arrive at the following conclusions: 

1. Spine fusion is a safe and effective means of 
obtaining long-standing clinical and roentgeno- 
graphic subsidence of disease in a large percentage of 
patients. The results are somewhat better in chil- 
dren. 

2. To be most efficacious spine fusion should be 
performed early in the course of the disease, before 
the development of major abscesses or of paraplegia, 
but it is still of great value and should not be with- 
held even after such complications have developed. 

3. Failures are due to pseudarthroses or inade- 
quate areas of fusion and also may occur in instances 
of marked virulence of the infecting organism or in 
overwhelming disease in individuals with low re- 
sistance. 

4. Tuberculosis is a general disease of which the 
spine lesion is a local manifestation. This fact should 
not be overlooked in the treatment of the individual. 
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Streptomycin and the newer isonicotinic acid hydra- 
zides appear to have a beneficial effect on the disease 
itself, and also are of great value in the treatment of 
the local lesion and its complications of sinuses and 
abscess formation. 

The article is illustrated with roentgenographic 
reproductions of some of the cases.—Ralph S. 
Bromer, M.D. 


Bauer, Witiiam H., and ALex. 
Myxoma of bone. ¥. Bone & Foint Surg., 
April, 1954, 36-4, 263-266. 


This report is based on the microscopic findings in 
an expanding tumor of bone which on the basis of 
clinical findings was suspected of being malignant, 
but which proved to be benign. The roentgenogram 
of the lesion showed a sharply outlined area of bone 
destruction, 4 by 6 cm., on the medial aspect of the 
left femur at the distal metaphyseal end. The lesion 
had expanded the cortical contour and was internally 
bordered by a thin sclerosed layer of bone. A limited 
area of the expanded cortex showed erosion which 
led several roentgenologists to consider the lesion 
“as very probably malignant.” A biopsy was per- 
formed and the patient was operated upon and 
serial roentgenograms, the last eight months after 
operation, showed that healing was progressing well. 
Chest roentgenograms demonstrated no abnormal 
changes. 

The microscopical findings as reported fulfilled 
Stout’s criteria for “myxoma.” The mucoid material 
in the tumor sections was of connective tissue origin, 
as proved by staining. As regards the argyrophil 
fibers, the authors agree with previous writers that 
these elements should be called “‘silver-staining 
fibrils,” in order to avoid the controversy whether 
they are precollagenous fibers or reticulin fibers. The 
amount of fibrosis in the tumor was not such as to 
warrant a diagnosis of myxofibroma. No carti- 
laginous or bony elements were found. However, the 
small collagenous and fibrous areas indicated a slight 
tendency toward higher differentiation. This trend, 
according to the authors, supports the view that 
occasionally a myxoma may locally show chondroid 
and fibrous tissue and so become a chondromyxoid 
fibroma. Neoplasms of primitive mesenchymal tissue 
may locally differentiate into cartilage and bone. 

The authors conclude that the nature of the 
myxoma reported in the paper, the healing process 
and the present excellent health of the boy confirm 
Stout’s statement that myxoma is a benign neo- 
plasm. Stout’s opinion that there are no histopatho- 
logical criteria to distinguish between myxoma and 
myxosarcoma was not shared by Sponsel and his 
associates who stressed the greater vascularity, 
perivascular accumulation of cells, and variety of 
silver-staining fibrils in myxosarcoma of the soft tis 
sue.—Ralph S. Bromer, M.D 
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GarcEAU, GeorGE J., and Grecory, CHARLES 
F. Solitary unicameral bone cyst. 7. Bone & 
Foint Surg., April, 1954, 36-4, 267-280. 


The material for this report was obtained from a 
clinical study of 27 cases and a review of the litera- 
ture. The greatest incidence, the authors found, was 
between the ages of nine and fourteen years. The 
condition occurred in males twice as often as in 
females. The long bones were almost invariably in- 
volved but the calcaneus was also frequently affected. 

Since the basic pathological process is one of bone 
resorption, the authors state that it is most likely to 
be associated with remodeling which had got out of 
control. Beyond this speculation as to etiology, no 
theory of cyst origin has ever been effectively sus- 
tained. 

The uncomplicated bone cyst usually presents a 
dearth of clinical signs and symptoms. Unless a frac- 
ture has taken place, a dull, often intermittent and 
usually a mild pain or ache in the area involved is 
the only complaint. The roentgenographic examina- 
tion reveals the first sign of the cyst. Roentgeno- 
grams show the following features: 

1. Evident destruction of medullary bone; 

2. Destruction of bone on the inner side of the 

cortex; 

3. Subperiosteal new-bone formation on the inner 
side of the cortex; 

An expansile defect in the metaphysis; 

s. Trabeculated lines in the wall of the cyst caus- 
ing the appearance of multiloculation; 

6. A thin dense cyst wall may separate the cyst 
from the medullary cavity of the bone which is 
an indication that the lesion is old. 

Serial roentgenograms will show the cyst being 

pushed away from the epiphysis and will reveal any 
change in the size of the cyst. The cyst frequently is 
found to abut directly against the epiphyseal plate 
but rarely projects acrcss it. Jaffe and Lichtenstein 
are quoted who have considered this relationship to 
imply a state of activity and have designated the 
Cyst so situated as one in the “active” phase. The 
counterpart of this state is the so-called “latent” 
phase which is said to be present when an interval of 
normal bone is found lying between the epiphyseal 
plate and the cyst. The active phase of the cyst is 
construed to be that state in which the cyst is en- 
larging, while in the latent phase the cyst remains 
quiescent and the epiphyseal plate migrates away 
from it. 
_ The gross and microscopic changes are described 
in detail in the paper. The cavity of the cyst is in- 
completely occupied by a variable amount of yellow- 
ish fluid; it may be red or hemorrhagic if there has 
been recent trauma. 

The differential diagnosis is usually not difficult. 
Some of the lesions which should be considered are 
fibrous dysplasia, non-osteogenic fibroma, giant-cell 
tumor, enchondroma, osteitis fibrosa cystica result- 
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ing from hyperparathyroidism, neurofibroma -and 
lipoma. 

Fracture is the most common complication. The 
question whether a cyst is obliterated in the course 
of healing of a fracture has received a great deal of 
consideration. The authors noted that if the cyst is 
in the active stage, it may actually enlarge and be 
associated with another fracture later. 

Essentially three basic forms of treatment have 
been employed, roentgen therapy, transplantations 
of autogenous or homogenous bone grafts, and total 
resection of the cyst area. The authors state that 
roentgen therapy usually fails to effect obliteration 
of the cyst. The technique of curettage combined 
with some form of bone-grafting has given the most 
consistently satisfactory results. Tables are included 
in the paper giving end-results obtained in the 
authors’ cases and in cases reported in the literature. 
Roentgenographic reproductions showing results of 
serial examinations are also included.—Ralph 8. 
Bromer, M.D. 


GHORMLEY, RAtpH K., and Romness, JOSEPH 
O. Pigmented villonodular synovitis (xantho- 
matosis) of the hip joint. Proc. Staff Meet., 
Mayo Clin., March 24, 1954, 29, 171-180. 


The term “pigmented villonodular synovitis,” in- 
troduced by Jaffe, Lichtenstein and Sutro, has come 
to be recognized as designating a widely diffuse 
xanthomatosis involving the synovial membranes of 
the joints and tendon sheaths. It is primarily a de- 
scriptive term for the fresh gross appearance as seen 
when the involved joint is opened surgically. 

The most frequently involved joint in the body is 
the knee. Xanthomatous tumors have also been re- 
ported involving the ankle, foot, hand, elbow and 
temporomandibular joints as well as the hip joints. 
The authors report 4 additional cases with proved 
hip involvement. The roentgenographic findings in 
these cases consisted of narrowing of the joint space 
with cystic arthritic changes in the acetabulum and 
adjacent femoral head. The osteolytic cyst-like 
changes in the acetabulum are said to be character- 
istic. 

Clinically, these patients showed progressive pain 
and limitation of hip motion for two to nine years. 
Involvement in every case was monarticular. 

From the standpoint of pathology, the lesion has 
been considered to be of a benign inflammatory 
nature by most workers. The authors are of the 
opinion that these tumors should be classified under 
the heading of the primary essential xanthomatoses 
and that they should be called xanthomas of the 
tendon sheaths and synovial membranes.—7. 4. 


Campbell, M.D. 
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Keizer, D. P. R., and Rocuart, R. R. Malig- 
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ease); report of case with normocholester- 
emic lipid granulomatosis and eosinophilic 
granuloma. 4.M.4. Am. F. Dis. Child., 


March, 1954, 87, 328-336. 


This case report is that of a girl aged seventeen 
months who suffered from malignant reticuloendo- 
theliosis with normocholesteremic lipid granuloma- 
tosis and eosinophilic granuloma. During the course 
of the disease, roentgen examination showed destruc- 
tion of the right scapula by multiple cysts. The whole 
bone seemed enlarged, but the shoulder joint re- 
mained intact. In other bones, no cysts or destruction 
could be detected but the lung showed a pseudomili- 
ary appearance. 

Treatment with antibiotics, corticotropin (ACTH) 
and roentgen irradiation of the scapula did not 
change the malignant prognosis. The child died 
showing symptoms of orthopnea, severe cyanosis, 
and hypertrophy of the right heart due to the loss 
of alveolar structure in the lungs.—Ra/ph S. Bromer, 


M.D. 


BERENSTEIN, PeEpRo. Sindrome de Leriche: 
Trombosis crénica aortoiliaca; contribucién 
radiolégica. (Syndrome of Leriche: chronic 
thrombosis of the common iliacs; roentgeno- 
logic contribution.) Prensa méd. argent 
March 26, 1954, 4/7, 840-844. 


Leriche’s syndrome consists of a localized arteritis 
below the bifurcation of the abdominal aorta in one 
of the common iliac vessels from 2 to 3 cm. from its 
origin. Subjectively, it causes intermittent claudica- 
tion of one or both lower extremities, sensation of 
cold and marked diminution in sexual potency. 

Aortograms are made by injecting the abdominal 
aorta through a translumbar route. When the disease 
causes a partial occlusion, there is a narrowing of the 
vessel. Below the narrowed segment the caliber of the 
vessel is normal. When the occlusion is complete, 
the opaque column is interrupted in a truncated 
cone. Recanalization of the thrombus does not signifi- 
cantly improve the circulation. 

As Leriche’s syndrome progresses, aortography 
provides a means of ascertaining the exact position 
of the lesion. Nine cases studied in this manner are 
presented.—Murray M. Friedman, M.D. 


SHUMACKER, Harkris B., Jr., Moore, THomas, 
C., and CampsBeE Lt, J. A. Functional venogra- 
phy of the lower extremities. Surg., Cynec. & 
Obst., March, 1954, 98, 257-272. 

Early work in venography was primarily directed 
toward studies in the horizontal position to demon- 
strate patency of major venous channels. In an effort 
to evaluate venous function as well as anatomy, 
retrograde venography with the extremity in a state 
of quiet dependency was conceived. 
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The initial suggestion to use muscular activity to 
supplement information gained by retrograde venog- 
raphy was made at the authors’ institution, and since 
1949 investigations have been carried out to evalu- 
ate various techniques of functional venography in 
symptomatic and control patients. 

In normal subjects, after injection of radiopaque 
material into the femoral or popliteal veins, opacifi- 
cation of the venous channels distal to the site of 
injection of varying degrees was found. After exer- 
cise, all showed complete or nearly complete empty- 
ing. After injection into superficial veins opacifica- 
tion of deep and superficial venous systems occurred 
with evidence of proximal propulsion of the contrast 
medium in both systems with exercise. It was felt by 
the authors that regurgitation in quiet dependency 
is not pathologic. 

When injections were made into superficial vari- 
cose veins, the “contrast material drifted downward, 
and most, if not all of it” was returned proximally 
in the deep circulation. 

When functional femoral or popliteal studies were 
done following deep venous occlusion, the popliteal 
vein was found to be patent in all with varying de- 
grees of re-canalization of the popliteal-femoral 
veins. Valves could not be recognized and, frequent- 
ly, numerous collateral veins were visualized in the 
thigh. On exercise all veins including those re- 
canalized cleared indicating that all were able to 
participate in proximal propulsion of blood, though 
perhaps not as effectively as in normal subjects. It 
was felt, therefore, that there was no real indication 
for ligation. 

No case of “idiopathic regurgitation” of a path- 
ologic nature was found. 

Functional venographic studies with lymphatic 
obstruction were useful primarily in excluding ven- 
ous pathology.—George 4. Miller, M.D. 


GENERAL 


GaALLAGER, H. SrepHEN, STAYMAN, JOSEPH 
W., Jr., and Barsa, Puicip S. Inclusion dis- 
ease of infancy; case report. ¥. Thoracic 
Surg., March, 1954, 27, 222-226. 


Cytomegalic inclusion disease is a systemic disease, 
primarily of infants and very young children, char- 
acterized by intranuclear and intracytoplasmic in- 
clusion bodies in gigantically enlarged cells of many 
organs. It is thought to be produced by the salivary 
gland virus. Since it may involve many organs in- 
cluding the liver, lungs, kidneys, brain and intes- 
tines, a variable clinical picture may be produced. 
In infants it is usually a fatal disease. According to 
the authors, no case of this disease has been reported 
heretofore in which the diagnosis was made during 
the patient’s life. 

A case is presented of a newborn white male infant 
who showed signs of pneumonia with cyanosis. 
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Later air-filled cysts developed in the site of the 
area of pneumonia and the clinical symptoms de- 
creased. Because of progressive enlargement of the 
cysts, a thoracotomy was done and removal of the 
involved segments of lung accomplished. The pa- 
tient’s clinical condition improved markedly there- 
after and he was discharged from the hospital. 

Microscopic study of the specimen showed the 
histopathologic picture of cytomegalic inclusion dis- 
ease. The involved cells lay largely within the lumina 
of the terminal bronchioles and possibly by a ball 
valve effect produced the lung cysts. 

The authors comment that nonfatal cases probably 
occur but are not detected. The possibility that dis- 
eases such as fibrocystic disease of the pancreas 
may have some relationship to inclusion disease is 
suggested and reference is made to other cases of 
cytomegalic inclusion disease with associated fibro- 
cystic disease.— Paul C. Olfelt, M.D. 

RANDALL, Henry T. An evaluation of adrenal- 
ectomy in man: physiological changes and 
the effect on advanced neoplastic disease. 
EKighth James Ewing Memorial Lecture. 
Eull. New York Acad. Med., April, 1954, 30, 


278-301. 


The author reports on 20 patients with cancer of 
the breast, 17 patients with cancer of the prostate, 
and g patients with other type of cancer who have 
had bilateral adrenalectomy at Memorial Center, 
New York City. 

Reference is made to the several studies made by 
other investigators along with their rationale and 
reported cases. 

There was no response, subjective or objective, to 
bilateral adrenalectomy in any of the 9 patients 
having cancer other than of the breast or prostate. 
Objective response was limited to regression in size 
of the tumor masses by palpation or by roentgen- 
ologic examination. 

Following bilateral adrenalectomy patients are 
maintained on oral cortisone alone in most instances 
and the androgenic eftects of cortisone are discussed. 

The 20 patients with cancer of the breast having 
metastases, with L exception, had undergone surgical 
castration at least six weeks prior to adrenalectomy. 
The 1 exception had received roentgen therapy with 
2,000 r ovarian dose. Adrenalectomy was performed 
only when there was unequivocal evidence of pro- 
gression of disease. Fourteen patients improved sub- 
jectively for two weeks to one year duration; 8 
patients improved objectively; and, 1 patient had 
major regression of the metastatic disease, being 
asymptomatic one year later. The author feels that 
adrenalectomy may be an additional means of 
temporary control of advanced breast cancer, es- 
pecially where there has been response to castration. 
The average response period was nine months. 

Following adrenalectomy there was a sharp drop 
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in urinary calcium excretion with markedly positive 
balance and also there was an increase in alkaline 
phosphatase consistent with increased osteoblastic 
activity. Also noted was regression of soft tissue 
metastases. 

In 6 cases the disease progressed in spite of symp- 
tomatic improvement. All patients who responded 
to castration responded to adrenalectomy and the 
reverse was true as well, although this aspect is not 
discussed in detail. 

The effect of cortisone on metastatic cancer and 
metabolism in the adrenalectomized patients is 
also considered.—‘fohn F. Berry, M.D. 


Pyran, L. N., and Smippy, F. G. Mammary 
cancer treated by bilateral adrenalectomy. 
Lancet, May 22, 1954, 7, 1041-1047. 


After a review of the literature including both 
experimental and clinical work, in particular the 
work of Huggins and his associates, the authors re- 
port 22 cases of advanced mammary carcinoma, with 
metastases, submitted to bilateral adrenalectomy 
and bilateral o6phorectomy between April and De- 
cember, 1953. They discuss in detail the management 
of these patients, the surgical technique, and substi- 
tution therapy both before, during, and after sur- 
gery. 

Of the 22 patients, 1 died soon after the operation 
and 8 either died from cancer or showed no improve- 
ment. Ten patients showed improvement with major 
remissions in § and a probable major remission in 
another. The case histories of these 6 patients are 
presented in detail. Representative roentgenograms 
before and after surgery as well as before and after 
photographs illustrate the rather marked improve- 
ment that occurred in this group. 

The authors state that their results confirm the 
work of Huggins and his co-workers that a favorable 
response sometimes follows bilateral adrenalectomy 
and bilateral o6phorectomy. Further observation of 
all the cases operated on in the present series and 


accurate long-term estimate of the effect of bilateral 
William H. Smith, 


adrenalectomy can be made. 


M.D. 


STRICKLAND, Basit. Cushing’s syndrome. Proc. 
Roy. Soc. Med., May, 1954, 47, 341-245. 


Cushing’s syndrome is due to an excessive forma- 
tion of glucocorticoids by the adrenal cortex or a 
tumor of the adrenal cortex. It is characterized 
clinically by obesity, weakness and fatigue, sexual 
disturbances, greasy skin, acne, purple striae, hirsut- 
ism, figmentation, hypertension and various other 
symptoms and signs. 

Roentgenologically the two main features com- 
monly described are osteoporosis and fractures. The 
osteoporosis is described as a constant finding and is 
thought to be due to a simple decalcification, al- 
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though some authors suggest that it is due to defi- 
cient formation of bone matrix. Fractures of the 
vertebral bodies are commonly reported in the litera- 
ture but other sites are rarely mentioned. 

The author contends that fractures are a more 
common feature of the disease than osteoporosis 
and are more widespread in the skeleton than has 
formerly been reported. 

Five cases are presented, all 5 having rib fractures, 
3 having fractures of the pubic rami, 2 vertebral 
fractures and 1 femoral neck fracture. Only 2 cases 
had definite osteoporosis. All fractures were char- 
acterized by abundant callous formation. 

The author points out that while in Cushing’s 
syndrome fractures are common and healing is good, 
in cortisone overdosage fractures are rare and healing 
is delayed (at least in animals). 

The heart is often enlarged in Cushing’s syndrome 
depending on the degree of hypertension. Enlarge- 
ment of the pituitary fossa is rarely found as this 
is more characteristic of the adrenogenital syndrome. 

In concluding, the author suggests that in Cush- 
ing’s syndrome the radiologist survey the whole 
skeleton for fractures and osteoporosis, being diligent 
in his search for the former and being critical in his 
assessment of the latter. He should expect an en- 
larged heart and a normal pituitary fossa and should 
attempt to demonstrate an adrenal tumor by special 
examinations.—William C. MacCarty, Jr., M.D. 


RADIATION THERAPY 


Jamieson, H. D. A method of tumour localisa- 
tion and field positioning in radiotherapy. 
Radiology, Feb., 1954, 62, 195-197. 


To overcome the problem of tumor localization in 
radiation therapy, the author has made use of a 
special rectangular caliper, together with antero- 
posterior and lateral roentgenograms. 

From each roentgenogram, the maximum diameter 
and the distance along it to the tumor center are 
measured. By measuring the corresponding diameter 
on the patient, the roentgenographic measurement of 
the distance to the tumor center along the diameter 
may be corrected for magnification by simple pro- 
portion, and the caliper used to determine this 
point on the patient. 

The caliper may be also used in conjunction with 
fixed bony reference points to determine precisely 
the position of a field in the treatment of a patient.— 


A. Ralph Watson, M.D. 


Hare, Hucu F., Smepat, Macnus I., Joun- 
ston, Davin, Core, Maurice, Trump, JOHN 
G., Wricut, KENNETH A., GRANKE, Ricu- 
ARD, and Beique, RENE A. Observations on 
rotational therapy with two million volt 
roentgen rays. 7.4.M.A., March 13, 1954, 

154, 890-894. 


FEBRUARY, 1955 


During a three and one-half year period, at the 
Lahey Clinic and the Massachusetts Institute of 
Technology, over 500 patients have been treated 
with 2 million volt roentgen rays. This article is a 
summary of the techniques employed (especially 
rotational) and observations on biological responses. 

The apparatus used is an electrostatic accelerator 
of the Van de Graaff type. The radiation quality is 
described as equivalent to that of cobalt 60 and 
radium, but the unit has a high output and an almost 
“point” source of emission. Radiation of this quality 
has the advantages of increased penetration, freedom 
from scatter, and increased skin tolerance. These 
advantages result in more adequate tumor dosage, 
less skin damage, and less radiation sickness. 

Rotational techniques are particularly useful in the 
treatment of tumors of the brain, pituitary, pharynx, 
tongue, extensive involvement of cervical and supra- 
clavicular nodes, thyroid, esophagus, bladder, cervix 
and extremities. It is preferable to use multiple port 
therapy in tumors of the nasopharynx, lung and 
lymphoid system, and other tumors requiring large 
fields and where radiosensitive regions must be 
protected. 

Lymphoid tumors are given 2,400 r at depth in 
fifteen treatment days using multiple ports. Thyroid 
carcinomas are given 4,800 r rotationally to the entire 
neck and mediastinum in six weeks, a copper filter 
being used to equalize the dose over the neck and 
a posterior absorber being inserted to cut the dose 
to the spinal cord. 

All epidermoid carcinomas receive a tumor dose 
of 6,000 r in seven weeks. This has not appeared to 
be sufficient in some bladder and cervical carcino- 
mas, and at the present time 8,000 r is given to the 
primary tumor site in the same time. Rotational 
technique of the pelvis yields about go per cent of 
the central dose at the lateral pelvic walls; postericr 
shielding cuts the dose to the rectum, but all pa- 
tients experience some diarrhea though little cystitis 
and no complications occur except in those previously 
irradiated. 

Within the skull, pituitary and pineal tumors are 
especially suited for rotational therapy. Chromo- 
phobe and chromophile adenomas and pinealomas 
are given 4,000 r and basophile adenomas 5,000 r at 
the rate of 240 r per day through 3 to 4 cm. ports. 
This gives a rapid fall-off outside the maximum 
dosage area. Medulloblastomas are not treated 
rotationally, a dose of 2,400 r being given to the 
entire cerebrospinal system at the rate of 100-125 
per day. 

Nasopharyngeal tumors are also excluded from 
rotational therapy because it is thought desirable 
to treat all possible extensions. The aim is to deliver 
6,000 r in seven weeks to the primary lesion and 
possible metastases. Opposing lateral fields to cover 
both the nasopharynx and neck and opposing anter!- 
or and posterior fields to include both the supra- 
clavicular and mediastinal areas are used. 
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A scanning technique (not further described but 
referred to) delivers 6,000 r to the breast and sur- 
rounding lymphatic system, including the axillary, 
supraclavicular, and internal mammary lymph nodes 
and the neck. Little radiation reaches the lungs. A 
good erythema and subsequent tanning result. 

Bronchogenic carcinoma is treated by opposing 
anterior and posterior ports to include the involved 
lung, the mediastinum, and the supraclavicular 
region. The tumor dose is 6,000 r in seven weeks, 
and, though it results in good palliation, in six 
months it leads to pneumonitis which in some cases 
is difficult to manage. The current technique is to 
give 3,000-4,000 r, remove the lung surgically, and 
then continue radiation therapy to 6,000 r. This 
technique is too new to evaluate. 

A few osteogenic sarcomas have been treated 
rotationally. Dosage varied from 6,000-9,000 r in 
seven to ten weeks. It is the clinical impression that 
bone tolerates radiation of this quality much better 
than it tolerates conventional radiation.—Henry 7. 


Klos, M.D. 


KLIGERMAN, Morton M., Rosen, G., 
and Quimsy, Epirn H. Rotation therapy 
technics applicable to standard deep-x-ray 
machines. Radiology, Feb., 1954, 62, 183-194. 


Rotational therapy equipment has been adapted 
to standard 250 kv. machines. As the patient is 
rotated on his vertical axis, the overlying tissue 
thickness varies markedly. Thus, the target-skin 
distance varies constantly, but the target-axis dis- 
tance (usually 85 cm.) remains unchanged. 

The planning and calculation method of the 
Massachusetts Institute of Technology is used. 
The tissue dose is described as the percentage of the 
“air dose at the axis of rotation” (7.e., the dose at the 
axis if the patient were not present). Sets of dosage 
curves correlating varying tissue depths and dis- 
tances from the rotational axis are constructed for 
certain field sizes. This is done by a formula calculat- 
ing the absorption and scatter factors for given 
depths with a constant quality of irradiation. In the 
area of the tumor only, one may use midline depth 
dose table figures, rather than isodose curves, to con- 
struct the rotational therapy charts, since the tu- 
mor area is always in the center of the beam. The 
reader is referred to the excellent presentation of the 
original work for complete study of the formula, 
tables, and diagrams. 

When these tables and curves have been obtained, 
one outlines the body contour and determines the 
dose to any point as follows: 12 radial lines are drawn 
to the axis, and the depth of tissue traversed by the 
beam between the skin and the specific point is meas- 
ured along each line. The tissue dose of each line is 
determined from the dosage curves. The average val- 
ue of the 12 lines gives the number of roentgens deliv- 
ered to the point per 100 r in air at 85 cm. For doses 


outside the tumor area, simple correction factors will 
give accuracy within Io per cent. 

The lesion is located by roentgenograms and 
fluoroscopic study and outlined on the skin with 
silver nitrate, using two projections at right angles. 
Each mark is then aligned with the light beam local- 
izer of the rotational unit, thus centering the axis on 
the tumor. Localizing roentgenograms are taken with 
the therapy machine for confirmation. 

In the case of small central lesions (not exceeding 
§ cm. in the skull, nor 10 cm. in the trunk) the axis 
of rotation is placed at the center of the tumor vol- 
ume. The head is tipped backward or forward to 
avoid irradiating the eyes. In about five weeks 5,000 
r is delivered to the central axis. 

The maximum skin dose is always delivered to 
that point on the skin which is nearest to the axis of 
rotation. The minimum tumor dose is always on that 
portion of the tumor deepest below the skin, unless 
the axis of rotation is not centered on the tumor. In 
cases of small superficial eccentric lesions the rota- 
tional axis may be purposely shifted 1 to 2 cm. deep 
to the tumor center in order to improve homogeneity 
and give less skin dose on the superficial side. 

With large superficial lesions, (greater than 5 
cm. in the skull and 10 cm. in the trunk) large fields 
allow the skin to be longer in the beam. In these, 
a stationary port on the most superficial surface is 
used in combination with a “scanning” field opposite, 
moving in an arc of perhaps 120°. 

A further refinement called time-differential scan- 
ning is used in large eccentric deep-seated lesions. 
Instead of rotation, two opposing areas are scanned 
in arcs, and the area farther from the tumor is treated 
for a longer time period. 

In very irregular body cross-sections, bolus materi- 
al may be added to make isodose curves valid. Lead 
strips and cut-outs may also be added in individual 
cases to protect vital organs.—William A. Goodrich, 


M.D. 


SHARP, J., and Easson, EF. C. Deep x-ray ther- 
apy in spondylitis. Brit. M. 7., March 13, 
1954, 7, 619-623. 


The authors present 332 cases of spondylitis based 
on clinical and roentgenological study. These cases 
were divided into three groups: (a) “typical” cases 
which conformed to the clinical picture of ankylosing 
spondylitis; (b) “‘atypical” cases which were classed 
as such in the absence of satisfactory alternative 
diagnosis; and (c) borderline cases. In spite of the 
high incidence of the involvement of the hands and 
feet in the atypical group, the comparatively low 
proportion of patients in this group giving positive 
results with Ball’s modification of Rose’s serum 
differential agglutination test was considered as 
evidence that the atypical group was not largely 
composed of patients with rheumatoid arthritis 
affecting the spine. 
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Roentgen therapy was given to 275 of the 332 cases 
using 250 kv. with a half-value layer of 1.63 mm. of 
copper, with the focus-skin distance being 50 cm. 
Almost all of these patients were treated as out- 
patients with a dose of 150 r (measured with back- 
scatter) being given to the skin surface of each field 
at each weekly visit for ten weeks. It was noted that 
the proportion of typical cases that were much im- 
proved after treatment was significantly higher than 
in the atypical group. In the typical group it was 
found that the best results were obtained in the 
patients whose symptoms were of five years’ duration 
or less and in whom roentgenological changes were 
confined to the sacroiliac joint. The age or sex of the 
patient and the blood sedimentation rate gave no 
indication as to whether or not this patient would be 
improved after therapy. The authors recommend 
roentgen treatment only in cases in which the anky- 
losing spondylitis appears active as evidenced by 
pain in the area involved. It was found that signifi- 
cantly fewer patients were much improved after 
treatment when roentgenological changes 
present in the spine or elsewhere then when changes 
were confined to the sacroiliac joint. No significant 
difference was observed in the behavior of the 
peripheral joints treated alone and those treated 
concurrently with the spine. This suggested that the 
effect of deep roentgen therapy in ankylosing 
spondylitis was a local one on the irradiated tissues. 

The complications of roentgen therapy included: 
aplastic anemia in one case; reactivation of pulmon- 
ary tuberculosis in one case; permanent amenorrhea 
in 13 of the 47 females treated; and possible accelera- 
tion of renal failure in 2 cases. 

The patients were encouraged to lead as normal 
lives as possible within the limits of their ability. 
Breathing exercises and measures to correct any 
deformity present were applied. Some of the patients 
with severe deformities were referred to surgery. 
Spinal supports were rarely advised and patients 
were confined to bed only under exceptional circum- 
stances. 

Since this study suggests that only patients suffer- 
ing from typical ankylosing spondylitis benefit from 
roentgen therapy, it would seem necessary to have 
well defined criteria both from the clinical and roent- 
genological standpoint by which typical spondylitis 
could be distinguished from other conditions which 
may simulate this disease. Such a differential diag- 
nosis is also desirable, since immobilization usually 
aggravates typical spondylitis, while it may be help- 
ful in some of the atypical conditions. 

Several tables, pictures and case histories are pre- 


sented.—Claude D. Baker, M.D. 


were 


Oxov. The treatment of plastic indura- 
tion of the penis (Peyronie’s disease). Acta 
radiol., March, 1954, 47, 290-301. 
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Comparison of results of prolonged treatment 
with vitamin E and radiation therapy of patients 
presenting themselves to the Radiumhemmet of 
Stockholm is given. Three hundred milligrams of 
mixed or synthetic tocopherols was given by mouth 
for at least six months to 18 patients. Four showed 
pronounced improvement, 6 moderate improvement 
and 8 no improvement. This should be compared 
with a series of 96 cases treated with radium or ex- 
ternal roentgen therapy at the same institution. 
Nineteen of these showed pronounced improvement, 
34 moderate improvement and the remaining 43 no 
improvement. 

The radium treatment has been applied to super- 
ficial and circumscribed lesions. It consisted in the 
use of radium tubes, each containing 8 mg. placed 
in glass capsules which were fixed parallel to each 
other arranged in a roof-truss formation. Empirically 
an average dose of 1,100 r has been found to be ade- 
quate. 

Roentgen therapy was given when the indurations 
involved the deeper tissues or were extensive. The 
skin dose was 1,200 r to one port or 750 r to two 
opposite ports, fractionated over three days, using 
roentgen rays of a half-value layer of 0.g mm. Cu. 

By protecting the scrotum with 4 mm. of lead 
and drawing it down to the anal region, the testicles 
received 10 r during the radium treatment and 0.02 
r during the roentgen therapy. 

The author concludes that it is advisable to start 
the treatment by irradiation and, unless pronounced 
improvement has occurred, institute vitamin FE 
therapy later and continue it for at least four months. 

David C Gastineau, M.D. 


Di Rienzo, S. Radioterapettica de las epi- 
ploitis. (Radiotherapy of epiploitis.) Radiolo- 
gia, Panama, March, 1954, 4, 51-54. 


Nonspecific inflammatory process may occur in 
the epiploon which may be noted as an irregularity 
in the wall of the colon during barium enema studies. 
This may be caused in some instances by a foreign 
body imbedded in the body of the intestine. A per- 
forated diverticulum in the region of the sigmoid 
may also set up a similar inflammatory process in 
that region. This inflammatory condition responds 
quickly and readily to roentgen irradiation. 

Kilovoltage has varied from 80 to 180 kv. Filtration 
of 3 mm. aluminum up too.5 mm. of copper was used. 
In acute cases a dose of 35 to so r daily to a total 
of 600 to 800 r may be given. In the subacute cases 
a daily dose of 70 to 100 r, with total dose up to 
1,500 or even to 2,000 r has been used. In females 
of the child bearing age an attempt was made to 
exclude the ovaries from the therapeutic field. 


Charles Nice, M.D. 


